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ADVERTISEMENT 


Astrotourism 


Read why this favorite Arizona city annually 
attracts thousands of astronomers, stargazers 
and night sky aficionados. 


Powerful telescopes available for public to gaze up at the night’s sky. Giovale Open Deck Observatory (GODO), 


Lowell Observatory in Flagstaff. 


When was the last time you looked up and saw a sky full of stars? Or, 
glanced toward the heavens only to behold the amazing misty hue 
of the Milky Way? If you are like 80% of North Americans, you probably 
can't see any of this from your hometown, that is according to the “Journal 
of Science Advances.” However, for the residents and visitors of Flagstaff, 
Arizona, it is a nightly occurrence but one they don't take “lightly”— 

or for granted. So, it was no wonder that in October of 2001, Flagstaff 
became the World's First International Dark Sky City, awarded by 

the International Dark Sky Association (IDA). This means that the city’s 
commitment to low light pollution and enforcing stargazing-friendly 
lighting restrictions make it easy to explore the night skies. In fact, 
Flagstaff is one of only a handful of locations where you can see the 
Milky Way from its downtown. 


Flagstaff is a beautiful mountain town surrounded by remarkable lands 
of discovery and awe-inspiring adventures—from deep canyons and 
majestic mountain tops to the starriest skies and the most pristine 
wilderness areas. With the well-known reputation as the “City of Seven 
Wonders,” plan several days in Flagstaff as your adventure base camp to 
visit the seven wonders: Grand Canyon National Park, Walnut Canyon 
National Monument, Sunset Crater Volcano National Monument, 
Wupatki National Monument, Oak Creek Canyon, the San Francisco 
Peaks and Coconino National Forest. Arizona boasts 12 dark sky parks 
designated by IDA with Grand Canyon National Park as the most famous 
along with Flagstaff’s area national monuments of Walnut Canyon, 
Sunset Crater Volcano and Wupatki. 


And Flagstaff is also a bona fide astrotourism destination, sought out 

by thousands each year. It has a long celestial history. It was here that 
Clyde Tombaugh discovered Pluto in 1930. It was here that all of the 
astronauts in the 1960s Apollo Program who stepped foot on the 
Moon trained. It is here that you too can marvel at the immense beauty 
and never-ending vastness of our universe and beyond. Let the Flagstaff 
Lunar Landmarks passport guide your way and moon-walk like an astro- 
naut as you visit Grand Canyon National Park, that is only 80 miles from 
Flagstaff. And, did you know, Flagstaff is still training astronauts? NASA 
continues to select Flagstaff as a training location to this day working with 
Lowell Observatory and the US Geological Survey Flagstaff science campus. 


For more than 125 years, the famous Lowell Observatory has served 

as a connector to the vast universe around us, providing a chance for 
educational experiences, exploration and, ultimately, discovery. Visit the 
Mars Hill campus at night to stargaze through one of the high-powered 
telescopes on the Giovale Open Deck Observatory, or peer through the 
world-famous, 125-year-old Clark Telescope. Plan a stay in Flagstaff 

for the annual Pluto Festival held in February. And here's a bonus: The 
festival is also during Arizona Beer Week! 


The Lowell Observatory is not the only draw for astro-enthusiasts. Many 
come to see Meteor Crater, which was created by a meteorite that 
plummeted to Earth approximately 50,000 years ago, striking with a 
force estimated to be 150 times greater than that of an atomic bomb 
explosion. The result is a giant bowl-shaped cavity measuring 550 feet 
deep and almost a mile wide. It has become one of the best-preserved 
meteor impact craters—and perhaps the most visited—in the world. 


Another great thing about Flagstaff is that while it is recommended that 
you visit the Grand Canyon and all these unforgettable sites, you can also 
just relax in town or at your hotel and gaze up at the amazing stars that 
shine bright on the city. There are many places to stay that celebrate 
the city’s celestial popularity. At the Americana Motor Hotel, there is 

a telescope right in the lobby that stargazers can use anytime or take a 
telescope to go with their telescope rental program. Aiden by Best Western 
at Flagstaff with astro-inspired décor is conveniently located only four 
miles for the Lowell Observatory and the High Country Motor Lodge 
touts “Cosmic Cottages,” an ode to the beauty of its natural surroundings. 


Flagstaff’s award-winning breweries and chefs offer many cultural 
and culinary delights like Dark Sky Brewing Company (DSB) with space- 
themed murals and its fun outdoor beer garden. Don’t miss the annual 
Dark Sky Coalition Flagstaff Star Party and 2023 Celebration of the Night, 
a festival featuring art exhibits, presentations, music under the stars and 
so much more—coming September 2023. 


\ For more information, visit 
¥)., discoverflagstaff.com 
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FROM THE EDITOR 


Symbol of the 
Stellafane convention, 
Breezy Hill’s pink 
clubhouse will this 
summer witness the 
100th gathering of 
the annual astronomy 
meeting. Bme/wikimeDia 
COMMONS 


Follow Dave on 


Facebook: 
facebook.com/ 
davidjohneicher 


Twitter: 
@deicherstar 


Instagram: 
eicher.david 


A century ago, a 
novel idea came to 
the U.S.: Telescope 
makers and sky enthusiasts in 
Springfield, Vermont, com- 
menced a new annual activity 
that came to be called the 
Stellafane convention. 

Springfield is an old manu- 
facturing town, a slice of New 
England that seems cast from 
a postcard long ago, even 
before 1923. In 1888, the 
Jones & Lamson Machine 
Co., under the guidance of 
James Hartness, moved to 
Springfield. By the early 20s, 
mechanically inclined folks from the company had founded a little 
observatory and clubhouse on Breezy Hill outside Springfield. The 
pink clubhouse adjacent to the observatory came to be called 
Stellafane, meaning “shrine to the stars.” Long ago, the Stellafane 
name became synonymous with the annual event, the first so-called 
star party in the country. 

This year Stellafane celebrates its centennial. If you can come, I 
encourage you to attend. You'll see several hundred people sharing 
their homebuilt instruments, often packed with innovations. Past 
scopes have even been made from beer cans and watermelons. There 
will, of course, be lots of observing the night sky. And, perhaps more 
than anything, there will be fellowship of like minds communicat- 
ing under the stars. 

For decades, the meeting has been organized by the local astron- 
omy club, the Springfield Telescope Makers. This year Stellafane 
takes place Aug. 17-20. For more info, see the group’s website at 
stellafane.org. 

After some years of missing Stellafane, I will be back this time 
for the centennial. Maybe I'll see you there. 


Yours truly, 


OC ae 


David J. Eicher 
Editor 
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This artist's concept from the May 2023 issue 
illustrates how a rogue black hole warps space- 
time in the Milky Way. esa/Huss_e, DiciTiZeD sky SURVEY, 
NICK RISINGER (SKYSURVEY.ORG), N. BARTMANN 


We welcome 

your comments 
at Astronomy Letters, 
P.O. Box 1612, 
Waukesha, WI 53187; 
or email to letters@ 
astronomy.com. 
Please include your 
name, city, state, and 
country. Letters may 
be edited for space 
and clarity. 


ASTRO LETTERS 


Photo perception 

I was stunned by the amazing photo 
on the cover of your May issue. 

Did I miss the news about JWST 
capturing such a magnificent close- 
up photo of the black hole in the 
middle of our galaxy? I immediately 
went to read the caption and was 
further shocked to find out it was a 
Hubble, not a JWST photo. Finally 
making my way to the accompany- 
ing article, I discovered that it is an 
artist’s concept — but which part? What’s the boundary 
between the real portion of the galaxy shown in the 
original photo and the portion in the imagination of 

an obviously very talented artist? Anyway, I may be an 
old purist, but I feel that the photos you select for the 
cover of your magazine should reflect what our amazing 
telescopes actually capture and not those that have been 
conceptually altered. —Anthony Oreglia, Lincoln, CA 


Fast forward 
Regarding the question about warp speed in the 


April 2023 Ask Astro, how could a spacecraft travel 
30,000 light-years in 20 years when light, by defini- 
tion, takes 30,000 years for the trip? —Joe Swinglish, 
Strongsville, OH 


Senior Editor Alison Klesman responds: We had 
several reader questions about Stuart Shapiro's answer 

to the question: “If a crewed spacecraft could be built to 
travel at or near the speed of light, how long would it take 
to achieve that speed without crushing the human occu- 
pants?” They were curious how a trip to the galactic center 
and back could take only 40 years when the distance cov- 
ered is 60,000 light-years total, which should take 60,000 
years to complete at the speed of light. 

The key to this situation is that the passage of time is 
observed differently in different reference frames. When 
Shapiro writes that it would take the traveler 20 years to 
reach the galactic center and 40 years for a round trip, he 
means this only from the viewpoint of the traveler and 
anyone or anything inside their ship moving at near-light- 
speed. So, a shipboard clock will have elapsed only 40 years 
total. But from all outside viewpoints (including those of 
us left here on Earth), the round trip does indeed take 
60,000 years to travel 60,000 light-years, as you'd expect. 


Join Eclipse Traveler and tour Texas and Mexico forthe April2024 Total 
Solar Eclipse. Enjoy an unforgettable experience that includes local cuisi 
attractions, accommodations and adventures. 


Orlando 


We carefully choose the best eclipse viewing locations. Our knowledgeable 


astronomers and friendly guides will ensure you have a fun, educational 


and relaxing time on this all-inclusive trip. 


For more information or to book vo tour, 
visit www.eclipsetraveler.com 


Y oa 


Houston 
Dallas 

San Antonio 
Mexico City 


BROUGHT TO YOU BY: 
EclipseoTraveler Astronomy 
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QUANTUM GRAVITY 


EVERYTHING YOU NEED TO KNOW ABOUT THE UNIVERSE THIS MONTH 


JWST focuses its infrared gaze 
on bright star-forming regions. 


The mossy green, gaseous 
“vines” that appear here offer 

a different view of the barred 
spiral NGC 5068 than you might 
be used to seeing. This infrared 
close-up of the galaxy’s central 
regions highlights structures 
that play an important role in 
the development of stars in our 
universe. The composite photo, 
taken by the James Webb Space 
Telescope (JWST), features a 
galaxy 20 million light-years 
from Earth in Virgo. Combining 
data from JWST’s Mid-Infrared 
Instrument (MIRI) and Near- 
Infrared Camera (NIRCAM), 
which can cut through obscur- 
ing dust and gas, it shows wispy 
tendrils of material where star 
formation is occurring. 


The pinpricks of light are older stars 
scattered throughout the galaxy’s dense 
center. Near the top left is the bar of 
NGC 5068, while the red-orange spots 
littering the image are clumps of new 
stars. The spots’ glow comes from ion- 
ized hydrogen gas energized by these hot, 


Data from NASA's TESS 
and retired Spitzer 
space telescopes 
suggest that exoplanet 
LP 791-18 d may be 
covered in volcanoes. 
Its interior is likely 
heated as the planet is 
pulled and stretched by 
a neighboring planet. 


young suns. The swamp-colored threads 
throughout are intergalactic dust — fuel 
for more stars — along the galaxy’s arms. 
The data from this galaxy and others like 
it give a glimpse into the process that cre- 
ates stars throughout the cosmos. Over 
the past year, JWST has observed nearly 
20 galaxies as part of the PHANGS 
survey, an attempt to obtain the most 
complete picture yet of how young stars 


burst to life. — SAMANTHA HILL 


Russia confirmed 
April 27 that it would 
support operations 

on the International 
Space Station through 
at least 2028. The 
nation had threatened 
to quit in the wake of 
condemnation of its 
invasion of Ukraine. 


JWST has detected 
water vapor around 
Comet 238P/Read, 
the first such 
detection froma 
comet that resides 
in the asteroid belt. 
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STAR SEEN SWALLOWING 
ITS PLANET WHOL 


» In a few billion years, our aging 
Sun will run out of hydrogen 

fuel in its core and begin to swell, 
eventually engulfing Mercury, Venus, 
and probably Earth. Known as the red 
giant phase, this is a normal step in 
a mid-sized star’s life cycle, when it 
expands a hundredfold in size. There 
are plenty of red giants in the night sky, 
but astronomers have never caught one 
in the act of swallowing its planets — 
until now. 

Kishalay De of MIT first noticed the 
star while hunting for novae. A nova 
is when a star suddenly brightens, 
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ENGULFED. For the first time, astronomers 
have spotted an aging star in the act of 


enveloping one of its planets. international GEMINI 
OBSERVATORY/NOIRLAB/NSF/AURA/M. GARLICK/M. ZAMANI 


usually because it’s siphoning material 
from another star orbiting nearby; this 
material can build up and eventually 
cause a runaway nuclear reaction on 
the surface of the star. At first glance, 
that’s exactly what was happening with 
an event called ZTF SLRN-2020, a star 
that brightened and then dimmed over 
about a week of observations. 

But when De and his colleagues 
looked closer with Keck Observatory 
on Maunakea in Hawaii, they real- 
ized it didn't look like a regular nova. 
Novae are hot, but this event was 
relatively cool. Another red flag was 


The first-of-its-kind observation 
is a stark preview of Earth's fate. 


that Keck’s spectral data told them the 
material being consumed was composed 
of molecules. Anything stolen directly 
from another star should be so hot that it 
will be stripped of any molecular bonds, 
leaving only isolated atoms of hydrogen 
or helium. 

De gathered more data from telescopes 
and surveys, stretching further back 
in time. He found that the star had 
brightened in the infrared for a year 
before the visible light flared. This was 
not typical of a nova, and gave his team 
clues to unravel the mystery: Instead 
of material from a nearby star, this star 
had swallowed a Jupiter-sized planet. 
They published their discovery May 3 
in Nature. 

The find was made possible by the 
Zwicky Transient Facility (ZTF), a pro- 
gram at Caltech’s Palomar Observatory 
in California, which repeatedly scans the 
sky to watch for changes from one image 
to the next. Surveys like ZTF flag objects 
that appear, disappear, or fluctuate in 
brightness, and serve as a record of 
how the sky looked in the past, even if 
scientists weren't actively monitoring a 
particular star. 

Astronomers have previously spotted 
so-called “polluted” white dwarfs — stars 
that contain materials that shouldn't 
exist in a white dwarf. This is evidence 
that they already consumed planets rich 
in metals (the term astronomers use for 
any element heavier than helium). But 
seeing the light and heat from the feeding 
process is a new privilege. 


IT'S MUTUAL 

As the planet fell into its sun, the star 
began to rip away the planet’s outer 
layers. At the same time, the world — a 
Jupiter-sized gas giant — began to tug on 
the star’s puffy outer layers. This material 
drifted away from the star and cooled, 
causing the year-long infrared glow that 


De had spotted in survey data as the 
planet spiraled closer to its star. 

The visible flash — the first sign that 
astronomers noticed — was actually one 
of the last steps in this process, as the star 
swallowed the bulk of its planet and flared 
hot and bright. As its meal settled, the star 
returned to its former brightness. It took 
about 100 days from the time it began 


brightening to return to normal — the 
blink of an eye in astronomical terms. 

The star is very similar to our own Sun, 
and when our Sun eventually expands to 
become a red giant, a similar fate awaits 
the rocky planets. Perhaps, in 5 billion 
years, alien astronomers will see a smaller, 
Earth-sized blip as our planet plunges into 
the Sun’s dying embrace. —KOREY HAYNES 


NASA picks Blue Moon 
for second Artemis lander 


peg A 


KITTED OUT. The 52-foot-high (16 m) Blue Moon will be capable 
of being loaded with more than 50 tons (45 metric tons) of fuel, 
and features an upper deck communications array, hydrogen tank, 
oxygen tank, solar array, docking adaptor, and room for four 


astronauts. BLUE oriGIN 


NASA ANNOUNCED 
May 19 that Blue Origin’s 
Blue Moon will be the sec- 
ond lunar lander design for 
the Artemis program. 
Intended for the crewed 
mission Artemis V launch- 
ing in 2029, Blue Moon 
will provide an alterna- 
tive to Space X's Starship 
lander. The latter is set 
for Artemis Ill, the mis- 
sion slated for 2025 that 
will return humans to 
the lunar surface, and its 
follow-on, Artemis IV in 
2028. Artemis V is seen 
as the mission that will 
move NASA into a yearly 
cadence of lunar landings. 
(Delays to this timeline 


are almost inevitable, 
some Say.) 

NASA originally selected 
SpaceX’s landing design in 
2021, after receiving only 
enough Congressional 
appropriations to award 
a single landing design 
contract at the time. Blue 
Origin protested and sued 
NASA, who later opened 
a Call for a second design. 
The Blue Moon design won 
out over a bid from the firm 
Dynetics. Blue Moon is 
intended to launch on the 
not-yet-flown New Glenn 
rocket, also built by Blue 
Origin. The fixed-price con- 
tract is for $3.4 billion, with 
Blue Origin contributing 


more than that amount 
out of its own funding. 
NASA Administrator 
Bill Nelson emphasized 
NASA's desire for more 
than one landing system: 
“We want more competi- 
tion. We want two landers. 
And that's better. And that 
means you have reliabil- 
ity, you have backups.” It 
should also reduce costs 
as SpaceX and Blue Origin 
vie for future NASA landing 
slots and other customers. 
The announcement 
comes at a time of some 
budget queasiness. 
Between next year and 
2028, NASA is slated to 
spend over $40 billion 
on Artemis. And skep- 
tics wonder whether the 
expensive Space Launch 
System will ultimately sur- 
vive if Space X's reusable 
Starship safely comes on 
board and reduces cost. 
Yet Starship faces its 
own challenges: On its 
first launch it severely 
damaged its launch pad 
and blew up, scatter- 
ing debris and starting a 
wildfire on public land. In 
response, the nonprofit 
Center for Biological 
Diversity is now suing 
the Federal Aviation 
Administration, contending 
inadequate oversight of 
SpaceX. — CHRISTOPHER COKINOS 


EUROPE’S WISH LIST 
The ASTRONET Roadmap for 
2022-2035 — Europe's equivalent 
of the U.S. decadal report — was 
released in May. Priorities include 
a next-gen gravitational-wave 
observatory dubbed the Einstein 
Telescope, a proposed 4.2-meter 
European Solar Telescope, and the 
completion of the European 
Extremely Large Telescope. 


YOUNG RINGS 
Saturn's rings formed surprisingly 
recently — just a few hundred 
million years ago at most, perhaps 
when dinosaurs still roamed Earth 
— according to new simulations 
reported May 12 in /carus. The 
rings are likely to dissipate in 
about the same amount of time. 


COSMIC TENSIONS 
Observations of a gravitationally 
lensed supernova add to the 
Hubble tension — the 
disagreement between different 
measurement methods over how 
fast the universe is expanding. The 
new work, based on Hubble data 
from 2014-2015, agrees with the 
slower rate of expansion 
suggested by the cosmic 
microwave background, not 
the quicker rate indicated by 
supernovae measurements in 
the modern universe. 


EXO-BELTS 
Astronomers have identified radio 
emission from radiation belts 
around the ultracool dwarf star 
LSR J1835+3259. Similar to — 
but much stronger than — Earth's 
Van Allen belts, this is the first 
detection of such belts outside 
of our solar system. 


FOURTH GEAR 

The LIGO gravitational-wave 

observatory began its fourth 

observing run May 24 after a 
three-year hiatus. Upgrades in the 
intervening time should double its 
sensitivity to mergers of compact 

objects like black holes and 

neutron stars. — MARK ZASTROW 
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Runaway black hole 
leaves trail of new stars 


EVIDENCE TRAIL. The strange linear feature was first identified in this archival photo 
captured by the Hubble Space Telescope. Follow-up observations have shown the feature is 


actually a 200,000-light-year-long chain of young blue stars. science: NASA, ESA, PIETER VAN DOKKUM (YALE). 
IMAGE PROCESSING: JOSEPH DEPASQUALE (STSCI) 


ASTRONOMERS THINK they've dis- 
covered a black hole some 20 million 
times the mass of the Sun speeding 
away from the core of a distant galaxy. 
And as the supermassive black hole 
barrels through intergalactic space, it's 
compressing the scant gas and dust 
available out there, leaving behind a 
thin line of newly formed stars that’s 
some 200,000 light-years long. 

“We think we're seeing a wake 
behind the black hole where the gas 
cools and is able to form stars,” said 
Pieter van Dokkum of Yale University, 
who first identified the star trail, in a 
NASA release. “What we're seeing is 
the aftermath. Like the wake behind 
a ship, we're seeing the wake behind 
the black hole.” 

Despite being relatively thin, the 
black hole’s stellar wake is packed 
with hot blue stars, making it nearly 
half as bright as the parent galaxy it 
traces back to. There's also evidence 
of a shock wave in front of the sus- 
pected black hole at the outer tip of 
the streak (the end at lower left of 
the inset). 

The researchers think this black 
hole was likely ejected during a 
complex dance between three 


supermassive black holes that were 
involved in a pair of galaxy mergers. 
The first two galaxies merged roughly 
50 million years ago, their supermas- 
sive black holes entering orbit around 
one another. Then, a later merger 
with a third galaxy threw the three 
supermassive black holes into a cha- 
otic dance that ultimately led to the 
solitary black hole being ejected from 
the system altogether. The remaining 
pair of binary black holes should have 
been thrown in the opposite direc- 
tion. If confirmed, this would be the 
first observational evidence showing 
that supermassive black holes can be 
ejected from their parent galaxies. 
Van Dokkum first noticed the 
unusual streak through “pure ser- 
endipity” while investigating an 
unrelated dwarf galaxy in an image 
captured by the Hubble Space 
Telescope. He and his team later 
confirmed the streak is indeed linked 
to the galaxy with follow-up observa- 
tions taken with the Keck Observatory 
in Hawaii. A paper detailing the can- 
didate runaway black hole and its 
stellar wake was published April 6 
in The Astrophysical Journal Letters. 
— JAKE PARKS 


GLOW PARK. The CHIME radio telescope 
in British Columbia, Canada, consists of 
four antennas roughly the shape and size 
of snowboarding halfpipes. cuime 
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The number of known 
repeating fast radio bursts 
(FRBs) after the Canadian 
Hydrogen Intensity Mapping 
Experiment (CHIME) 
reported 25 new ones, raising 
the possibility that all such 
mysterious blasts of 
radio waves may 
eventually repeat. 


COMPREHENSIVE COVERAGE. At 55 million light-years 
away, the giant elliptical galaxy M87 (top left) is one of 
the closest examples of its kind, allowing astronomers 
to probe its depths and survey its extent with an ever- 
increasing variety of techniques. 

In a study published March 15 in The Astrophysical 
Journal Letters, astronomers used the ability of the 
Keck Observatory in Hawaii to simultaneously record 
images and spectra to map the 3D motions of the stars 
of the galaxy, revealing its structure (top right). 

M87 was the first galaxy to bare the darkness at 

its heart in the Event Horizon Telescope’s (EHT) 
groundbreaking image of its central black hole released 
in 2019 (middle left). Work reported April 13 in The 
Astrophysical Journal Letters gave that image a touch- 
up by using machine-learning to fill in data as if the 
EHT’s network of radio telescopes had a collecting area 
the size of Earth. The result (middle right) is a sharper 
image that resolves the bright ring of gas falling into 
the black hole in finer detail. 

And on April 26 in Nature, researchers published 
new radio data of M87’s core taken with the Global 
Millimetre VLBI Array, the Atacama Large Millimeter/ 
submillimeter Array, and the Greenland Telescope 
(bottom). They observed at a slightly longer wavelength 
than the EHT and found that in it, the ring of accret- 
ing gas appears 50 percent larger than in the 2019 
image. The new work also captures both the shadow 
of the central black hole and the jet that its powerful 
magnetic field launches outward — the first time they 
have been seen together in the same image. —M.z. 
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NASA'S NEW SCOPE CAPTURES X-RAY 
GLOW OF CENTAURUS A 


: 
: NASA's newest orbiting X-ray telescope, the from an astrophysical source was from the 

¢ Imaging X-ray Polarimetry Explorer (IXPE), black hole Cygnus X-1, an observation made 

é recently targeted the supermassive black decades ago. IXPE’s view of Cen A reveals 

= hole at the heart of the galaxy Centaurus A an extremely luminous core (white-yellow); 

: (Cen A), some 12 million light-years away. this image is supplemented with data from 

& Launched at the end of 2021, IXPE’s purpose the Chandra X-ray Observatory (blue) and 

b : is to measure polarization, or the orienta- optical data from the European Southern 

25 tion of light’s electromagnetic waves. This Observatory in Chile. IXPE did not detect any 
: information can help astronomers measure polarization in Cen A’s signal, but this is also 
2 the speeds and energies that particles reach revealing: It suggests that the particles in the 
22 after being accelerated by powerful cosmic galaxy’s jets, which are producing the X-rays, 
es objects like black holes. Before IXPE, the must be relatively massive — like protons, 


only detection of polarization in X-rays rather than electrons. -s.. 


TOP: NASA, ESA, JOSEPH OLMSTED (STSCI), FRANK SUMMERS (STSCI). SCIENCE: CHUNG-PEI MA (UC BERKELEY); MIDDLE: L. MEDEIROS (INSTITUTE FOR ADVANCED STUDY), D. PSALTIS (GEORGIA TECH), T. LAUER 


(NSF'S NOIRLAB), AND F, OZEL (GEORGIA TECH); BOTTOM: R.-S. LU (SHAO), E. ROS (MPIFR), S. DAGNELLO (NRAO/AUI/NSF) 


STRANGE UNIVERSE 


Space colors 


The realm of color is a bizarre one. 


The famous double 
star Albireo in Cygnus 
appears bright orange 
and blue — provided 
you amplify its light 
with some optics. 

ALAN DYER 


BY BOB BERMAN 
Bob’s recent book, 
Earth-Shattering 
(Little, Brown and 
Company, 2019), 
explores the greatest 
cataclysms that have 
shaken the universe. 


Our universe is a secretive empire that burdens 
many astronomers with misconceptions. And 
nothing is as amazing, confusing, and elusive 
as the colors of the cosmos. 

Take everyone's favorite binary star, Albireo, whose 
components shine in a gorgeous contrasting yellow and 
blue. Science explains that compared with its golden 
counterpart, the blue star is hotter because its greater 
mass creates awesome gravitational pressure and a 
boosted burn rate in its core. 

But few astronomers know that those colors don’t 
exist when no one’s looking. That’s because 
light is really just an energy morsel composed 


with the right eye’s, so the image remains intact. But at 
low light levels, a different situation occurs. Our rod-cell- 
based scotopic vision suffers a huge blind spot twice the 
Full Moon’s width lying straight ahead, with the areas of 
both eyes where no rods are present matching up. It’s an 
important reason to observe faint celestial objects by 
looking slightly to the side. A 15° offset is ideal. 

And even that retinal rod-versus-cone business is a 
simplification. There are three different cone types — 
named L, M, and S — and only the S variety can show 
objects as blue. That’s why 8 percent ofall males, missing 
one of the three types of cones since birth, perceive the 
cosmos differently from the rest of us. They see rainbows 
as simplified bands of blue and yellow. These people with 
deuteranopia (aka colorblindness), happily see Albireo 
as we do, though the contrasting hues of other binaries 
like Antares elude them. 

If you chose a single intriguing cosmic color, it would 
be hard to beat green. It’s the wavelength of peak energy 
emission of the Sun. The topmost sensitivity of the human 
eye. The chief and often only visual color of most aurorae, 
thanks to oxygen’s emission at 557.7 nanometers. The 
main color of planetary nebulae. Yet amazingly, while 
you ll find stars that are red, orange, yellow, blue, brown, 
black, or even purply, there are no green ones. 

Why? Our Sun emits electromagnetic energy that 
creates in our minds the sensation of every spectral color, 
as rainbows vividly demonstrate. All the universe’s 
“living” stars with active fusion cores emit those same 
colors and no others. None fail to provoke human visual 
systems into perceiving red, green, and blue 
— light’s primary colors, which appear white 


of alternating magnetic and electric fields. 
Neither field has brightness nor color. Instead, 
when that invisible electromagnetic energy 
strikes an animal’s cone-shaped retina cell, it 
inaugurates a biological process where mil- 
lions of neurons cooperatively fashion the 
sensation of “blue.” Creating visual experi- 
ences consumes half the brain’s capacity. So, 


Nothing is 
as amazing, 
confusing, 
and elusive 
as the 
colors of the 
cosmos. 


when combined. That’s why the universe’s 
overall color is white or beige. 

If a star is unusually hot, it emits energy 
we perceive as a blue excess. Cool stars like 
Betelgeuse create a red surplus. But stars 
never emit solely green. And since nearly all 
stars still emit a lot of green, red, and blue, 
white remains the main takeaway, with any 


while Albireo is some 400 light-years away, its 
colorful image occurs solely within the skull. 

What’s more, usually-gorgeous Albireo is colorless if 
it’s not optically intensified by a lens or mirror. Our 
retina has about 100 million specialized rod-shaped cells 
that solely function in low-energy situations and deliver 
their sensations in grayscale alone. It’s the less-sensitive 
cones, numbering only 6 million, that register color. 
That’s why the Pleiades look gray or white to the naked 
eye but pastel blue through binoculars. 

When light is faint, the human mind won't create any 
sort of color, which is why galaxies are always visually 
gray no matter the telescope size. And even the gray is 
sometimes jeopardized: At bright levels, the left eye’s 
blind spot — where the optic nerve sits — never coincides 


extra blue or red constituting a pallid embel- 
lishment. This white flood explains why stars 
rarely appear richly hued but are only pastels. 

The toughest celestial color is red, which can’t be 
seen at all when faint, not even as gray. That’s why the 
reds in the Orion Nebula (M42), so stunning in astro- 
images, are rarely visible to the eye, even with backyard 
equipment. Considering M42’s ruddy source — excited 
hydrogen, the most abundant element — it’s ironic and 
unfair that this hue is withheld from our eager eyes. 

It’s yet another quirk in a cosmos crowded with 
them. 


(AV 


BROWSE THE “STRANGE UNIVERSE” ARCHIVE 
AT www.Astronomy.com/Berman 


12 ASTRONOMY = SEPTEMBER 2023 


Leading the way with 
strain-wave-gear tech. 


Dual Alt-az/EQ Mount 


starting at 
$1998.00 


8409 Hand controller incl. 


The HAE family of dual Alt-az/ 
eq mounts. 3 modelsHAE29, 
HAE43 and HAE69 all available 
as standard or EC versions. 


Hybrid GoTo Mount 


Can carry 
3x it’s 


HEM15, Weighs only 5.5lbs 
with a max payload of 18lbs! 


www.ioptron.com 


TIME = \ 

—~ TRAVELER t— 
[DENTIFY 
YOURSELF 


SHOP OVER 166 SHIRTS 
ourkindapparel,com 


THE NINE PLANETS RING 
HANDCRAFTED WITH AN ORBITING 
GIBEON METEORITE BAND 
IN 18K GOLD SET WITH 9 GEMSTONES 


_November 3 - 5, 2023 _ 
Somerville, Massachusetts 
Meet the keynotes! 
* Dr. Paula Szkody 

mniver tu of Washinator 


* Dr. Catherine Espaillat 
* Dr. Gail Schaefer 
* Mr. John Blackwell 


aavso.org/112 


a 
~~ 
G < 
Yyaavso 
Sy The American Association of 
Variable Star Observers 


Trappist-1 Orrery 


The first high-accuracy orrery for an exoplanet 
system. Illustrates the proper motion and spacing of 
Trappist-1’s seven planets with Earth time pointer. 


Each turn of the crank 
represents one Earth day shown on the dial. 


Performance. 


made in the 
y 


a0 


Engineered Lightweight Mirrors, 
Athermal Carbon Fiber Mirror 
Mounts & Full Telescopes 


dreamscopes.com 610-360-7874 


¢ For use with most tripods, DOBs 
and piers 
e 10” Pneumatic tires for soft ride 
e Load tested to 600+ pounds 
e Assemble & disassemble in minutes 
e Adjustable rear axle height (112” to 7”) 
¢ Ideal for scopes up to 36” 
¢ One person can quickly 
and easily move 
any sized scope 


$345.00" 


Plus S&H 
Approx. $60 Shipping 
USA 


*Subject to change 


Patent Pending 


SCOPEBUGGY 
P.O. BOX 834 


Elephant Butte, NM 91 5-443-901 0 
87935 


www.ScopeBuggy.com 


WWW.ASTRONOMY.COM — 13 


F VENUS 


support life 


Nothing can survive the planet's hellish surface. 
But new missions aim to determine if airborne 
droplets provide a place for microbes to thrive. 


BY DAVID L. CHANDLER 


enus seems like the last place you'd 
ever think about looking for life. It 
features searing-hot temperatures; a 
thick, hazy atmosphere raining 
droplets of sulfuric acid; and poten- 
tially active volcanos spewing hot lava 
and corrosive gases. It’s often been compared to 
visions of hell, a landscape of fire and brimstone. 

And yet, scientists have long proposed that regions 
of Venus’ atmosphere, high above the surface, might 
provide a habitat for life. These ideas have been greeted 
skeptically but over the last few years, bits and pieces 
of evidence have begun to pile up, suggesting there 
really might be a habitable zone there. More recently, a 
group of scientists claimed to have detected what may 
be evidence of living organisms there now, perhaps in 
the form of highly adapted microbes floating in drop- 
lets high in the thick, cloudy air. 

The signs of possible life so far have all been indi- 
rect and scant, but together add up to a picture that 
some researchers say merits further investigation. And 
instead of waiting for politicians and administrators to 
approve a mission, they have obtained private funding 
to send a probe to Venus in 2025 — with two more 
missions in the planning stages. 


FAR LEFT: Scientists 
speculate that droplets 
in Venus’ clouds could 
potentially form a 
habitat where microbial 
life-forms could 

thrive, as depicted in 
this artist’s concept. 

J. PETKOWSKA 


NEAR LEFT: The 
medium-term Morning 
Star Missions to Venus 
will study the planet's 
clouds for indicators 
of habitability. Shown 
in an artist's rendering, 
a parachute-borne 
probe might stay 

aloft for 30 to 60 
minutes to measure 
characteristics such 
as cloud composition. 
WESTON BUCHANAN 
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BELOW: A thin region of 
Venus’ clouds sustains 
temperatures considered 
habitable. These layers 
also host molecules 
(listed) that could 
support habitability or 
whose presence is 
unexplained. The ring 
depicts a hypothetical 
life cycle for venusian 
microbes. Desiccated 
spores (black ovals) in 
the lower haze (1) are 
transported by updrafts 
into the habitable layers 
(2). There, spores act 

as cloud condensation 
nuclei (3) and are 
surrounded by liquid, 
becoming metabolically 
active. Active microbes 
grow and reproduce 
within droplets (4). As 
droplets grow through 
coagulation, they sink 
lower due to gravity (5), 
and higher temperatures 
cause any liquid to 
evaporate. The resulting 
inert spores are small 
enough to stay aloft and 
the cycle repeats. 
ASTRONOMY: ROEN KELLY, AFTER 
SEAGER, S. ET AL VENUS LIFE FINDER 
MISSIONS MOTIVATION AND SUMMARY. 
AEROSPACE 2022, 9, 385. HTTPS:// DOI. 
ORG/10.3390/AEROSPACE9070385 (CC 
BY 4.0) & SARA SEAGER ET AL. THE 
VENUSIAN LOWER ATMOSPHERE HAZE 
AS A DEPOT FOR DESICCATED 
MICROBIAL LIFE: A PROPOSED LIFE 
CYCLE FOR PERSISTENCE OF THE 
VENUSIAN AERIAL BIOSPHERE. 
ASTROBIOLOGY. OCT. 2021. 1206-1223. 
HTTP://DOIORG/10.1089/AST.2020.2244 
(CC BY-NC) 
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David Grinspoon, an astrobi- 
ologist at the Planetary Science 
Institute, says he began to wonder 
about possible life on Venus in the 
1990s. “For me, it had to do with 
the Magellan findings,” he says, 
referring to the spacecraft that 
returned reams of radar data and 
revolutionized our image of the 
planet. Magellan revealed a young 
surface that had been drastically 
reshaped by volcanism. In fact, 
“there were all kinds of hints that 
it’s probably currently geologically 
active,” he says. In May of this 
year, new evidence from those 

old radar images showed clear 
changes in the shape of a volcanic 
vent. “Seeing this very convinc- 
ing example of an apparently 
volcanic feature that changed 
over such a short timescale really 
adds substantially to the case 

that Venus today is quite active,” 
Grinspoon says. 

Magellan data also confirmed 
the existence of a layer in the 
clouds that showed “a region that 
is not only habitable, but has 
energy sources and nutrients,” 
Grinspoon says. There have been 


signs of puzzling chemical anom- 
alies in the atmosphere, he adds, 
although “none of them are solid 
enough to be considered evidence 
for life.” For years, his sugges- 
tions of the possibility of life 
there made him “a bit of a lonely 
voice in the wilderness,” he says. 

Then, in 2020, the idea was 
thrust into the spotlight when a 
team of researchers led by Jane 
Greaves of Cardiff University in 
Wales reported they had detected 
phosphine gas in Venus’ clouds. 
On Earth, phosphine is a byprod- 
uct of living organisms, produced 
by microbes in swamps and 
inside the guts of animals. 

The team explored every 
mechanism they could think of 
that is capable of making phos- 
phine, and concluded that none 
could account for the amounts 
they reported — except life. “[It] 
is a gas that doesn't belong in the 
context of its environment” on 
Venus, says Sara Seager, a study 
co-author and planetary scientist 
at MIT. “It really shouldn't be 
there. It doesn’t appear to be 
made by any chemical or physical 
process that we can think of. ... 
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It’s only associated with life, or 
with some other chemistry that 
we do not currently understand.” 

The claim remains controver- 
sial. Many scientists question the 
detection as a weak signal amid 
a noisy background, or suspect 
that it may be a different mol- 
ecule that absorbs at a similar 
wavelength. Nathalie Cabrol, 
director of the Carl Sagan Center 
for the Study of Life in the 
Universe at the SETI Institute in 
California, who was not part of 
the study, notes the detection was 
a difficult one to make. There 
were several independent teams 
that sought to verify the findings 
“and some of them couldn't find 
the phosphine,” she says. 

Seager candidly acknowledges 
the controversy and her col- 
leagues’ skepticism: “Tt’s still 
kind of going back and forth, as 
science should,” she says. 


Seager and her colleagues used 
Earth-based radio telescopes to 
observe Venus and make their 
detection. But resolving the ques- 
tions they've raised will probably 
require a close-up view. 

Seager has put together a team 
of more than a dozen scientists, 
including Grinspoon. They have 
done a detailed study that con- 
cludes the overall evidence is now 
suggestive enough, and the pos- 
sibility of finding alien life in 
our closest neighbor planet is so 
important, that it’s time to launch 
new missions to Venus to answer 
these questions once and for all. 

The group, originally the 
Venus Life Finder Mission Team 
and now called Morning Star 
Missions to Venus, has published 
several reports outlining the evi- 
dence so far, along with the types 
of instruments that could provide 
definitive answers about the 
compounds in the planet's atmo- 
sphere and their origins. They 
also discuss the missions needed 
to deliver those instruments to 
Venus and allow them to survive 
long enough to return useful data. 
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To that end, Seager says, her 
team has settled on three mission 
concepts. Designated the 
Morning Star Missions, the first 
is already funded and under con- 
struction. It will use a privately 
developed rocket system from 
the company Rocket Lab. Set to 
launch from New Zealand in 
January 2025, it will take a few 
months to get to Venus, where it 
will release an instrument pack- 
age to plunge through the atmo- 
sphere and collect data as it falls. 


“This will be the first probe in 
nearly four decades that goes into 
the atmosphere” of Venus, Seager 
says, beating NASA’s DAVINCI 
mission, scheduled to launch in 
2029. “It won't have a parachute, 
so it'll take about an hour before 


it crash-lands on the surface, and 
we have five precious minutes [to 
collect data] in the cloud layers.” 
The Rocket Lab Mission to 
Venus will be the first mission 
ever developed to search for 
organic matter in the clouds. Its 


instrument, the Autofluorescence 
Nephelometer (AFN), will shine a 
laser onto cloud particles, causing 
any complex organic molecules 
within to fluoresce. The AFN will 
also measure laser light reflected 
back from the droplets to deter- 
mine their overall size and shape. 
The second proposed mission 
will carry a much larger payload 
and include either a probe 
dropped with a parachute, or a 
balloon that could hover in the 
atmospheric layers of interest for 
a longer period. One key question 
the team hopes this mission will 
address is the acidity of the atmo- 
sphere. Current measurements 
show the acidity is far too high for 
any known organism to survive. 
But those observations are of 
the bulk atmosphere from afar. 
Within the clouds, the acidity 
may vary greatly. And some drop- 
lets in the clouds may be relatively 
hospitable, comparable to acidic 
environments on Earth that sup- 
port highly adapted life-forms 
called extremophiles. The team is 
developing an acidity sensor that 
can handle the extreme condi- 
tions of Venus to find out if such 
low-acidity droplets exist. 
Another question is how much 
water is in the upper cloud layers, 
where the atmospheric pressure 
and temperature resemble those 
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ABOVE: This timeline 
illustrates how a 
balloon mission to 
Venus would enter the 
atmosphere (left), slow 
using a parachute 
before inflating 
(middle), and later 
deploy a set of 
atmospheric mini- 
probes (right). The 
current mission 
concept calls for the 
balloon to operate for 
one week at an altitude 
of 32 miles (52 km). 
ASTRONOMY: ROEN KELLY, AFTER 
SEAGER, S.; PETKOWSKI, J.J.; CARR, 
C.E.,; GRINSPOON, D.H.; EHLMANN, 
BL; SAIKIA, S.J.; AGRAWAL, R.; 
BUCHANAN, W.P,; WEBER, M.U,; 
FRENCH, R.; ET AL. VENUS LIFE 
FINDER MISSIONS MOTIVATION AND 
SUMMARY. AEROSPACE 2022, 9, 385. 
HTTPS://DOILORG/10.3390/ 
AEROSPACE9070385 (CC BY 4.0) 


LEFT: The Rocket Lab 
Mission to Venus, 
scheduled for launch 
in early 2025 and 
depicted approaching 
its destination in this 
artist's concept, will 
carry a small probe 
that will drop through 
the venusian 
atmosphere. 

FRENCH, R.; MANDY, C.; HUNTER, R.; 
MOSLEH, E.; SINCLAIR, D.; BECK, P,; 
SEAGER, S.; PETKOWSKI, J.J.; CARR, 
C.E.; GRINSPOON, D.H.; ET AL. 
ROCKET LAB MISSION TO VENUS. 
AEROSPACE2022,9,445. HTTPS:// DOI. 
ORG/10.3390/AEROSPACE9080445 
(CC BY 4.0) 
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ABOVE: The most 
ambitious and furthest- 
off Venus sample- 
return mission will 
make a round trip 
between our planets, 
retrieving a sample of 
cloud droplets via a 
balloon before 
rocketing back to meet 
an orbiting spacecraft 
that will return to Earth 
with its precious cargo. 
ASTRONOMY: ROEN KELLY, AFTER 
SEAGER, S.; PETKOWSKI, J.J; CARR, 


C.E.; GRINSPOON, D.H.; EHLMANN, B.L.; 


SAIKIA, S.J.; AGRAWAL, R.; BUCHANAN, 
W.P.; WEBER, M.U.; FRENCH, R.; ET AL. 
VENUS LIFE FINDER MISSIONS 
MOTIVATION AND SUMMARY. 
AEROSPACE 2022, 9, 385. HTTPS:// 
DOI.ORG/10.3390/AEROSPACE9070385 
(CC BY 4.0) 


LOWER RIGHT: The 
cone-shaped probe 
dropped by the Rocket 
Lab Mission to Venus 
will be roughly 

16 inches (40 cm) 

in diameter and carry 
up to 2.2 pounds (1 kg) 
of science payload. 
FRENCH, R.; MANDY, C.; HUNTER, R.; 
MOSLEH, E.; SINCLAIR, D.; BECK, P,; 
SEAGER, S.; PETKOWSKI, J.J.; CARR, 
C.E.; GRINSPOON, D.H.; ET AL. ROCKET 
LAB MISSION TO VENUS. 
AEROSPACE2022,9,445. HTTPS://DOI. 
ORG/10.3390/AEROSPACE9080445 
(CC BY 4.0) 
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of Earth, potentially providing 

a refuge for life high above the 
extreme heat and pressure at the 
surface. All known life depends 
on water, but the amount of this 
life-giving substance detected so 
far on Venus is extremely low. To 
sustain life, there would have to 
be areas where water is more con- 
centrated. Detectors on this probe 
will aim to determine whether 
such concentrations are present. 

The mission will also aim to 
take more precise measurements 
of compounds such as phosphine 
in the clouds. The team is work- 
ing on securing funding for this 
much more ambitious multistage 
mission, with launch opportuni- 
ties between 2026 and 2031. 

“T think balloons are the right 
way to explore Venus,’ says 
Robert Zubrin, an aerospace 
engineer and founder of the Mars 
Society. “They have enormous 
advantages. It’s a very easy place 
to fly balloons because of the 
thick CO, atmosphere.” He says 
it would not be difficult to design 
a balloon that could hover in 
selected levels of the venusian 
atmosphere for days or weeks. 
The Mars Society has already 
begun testing its own design 
of such a balloon on Earth. 

The third mission in the 
Morning Star series is by far the 
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most ambitious. It also remains 
the least defined, but aims to 
return a sample from the clouds 
to Earth for analysis, much as 
soil and rocks are being collected 
on Mars for a future sample- 
return mission. The current con- 
cept calls for a spacecraft to orbit 
Venus and deploy a balloon into 
the atmosphere to collect liquid 
and solid material from the cloud 
layers as it descends. Then, a 
small rocket containing the sam- 
ples would be launched from the 
balloon to rendezvous with the 
orbiter, which would return to 
Earth for reentry and collection. 


These proposals are not the only 
plans for a return to Venus: There 
are already two NASA missions 
(including DAVINCI) and one 
ESA mission planned for the 
coming decade, and India and 
Russia have contemplated 
endeavors as well. But 
none of these would 
include instru- 
ments aimed at 
answering thekey — | 
questions related 
to the possibility of 
life or the habitability 
of Venus’ clouds. 

“Of the three very 


expensive government missions 
going to Venus, none of them 
are probing the cloud particles 
directly,” Seager says. “This idea 
of life on Venus, it’s too taboo 
for large government agencies.” 
Many scientists remain skep- 
tical of the possibility of life on 
Venus. Cabrol says that when 
looking at the whole picture, a 
geological explanation for the 
observed anomalies — including 
phosphine — “checks a lot more 
boxes, and a lot more easily, 
than the biological explanation.” 
But mysteries keep piling up. 
In addition to phosphine, astron- 
omers have made possible 
detections of ammonia, which is 
also a gas that shouldn't exist on 
Venus without some biological 
production mechanism. Other 
anomalies include tiny unex- 
plained amounts of oxygen, less 
sulfur dioxide and water vapor 
than models predict, and indica- 
tions that the cloud drops are not 
spherical — which they should 
be if they are composed of pure 
sulfuric acid. The droplets also 
show a different refractive index 
than that of pure sulfuric acid. 
This means there must be some 
other compound within the 
droplets, Seager says — perhaps 
even a slushy substance. Finally, 
there is some unknown process 
that absorbs half of all the ultra- 
violet sunlight hitting the planet. 
Taken all together, Seager 
says, the simplest explanation for 
all these anomalies seems to be 


that some kind of life-form is 
making ammonia gas, as some 
microbes do on Earth. This sin- 
gle possibility would produce a 


“cascade effect that solves all 
these other problems,” she says. 

Seager explains that if 
microbes in the Venus atmo- 
sphere are producing ammonia, 
that ammonia would be absorbed 
by droplets of sulfuric acid, reduc- 
ing their extreme acidity to a level 
at which some Earth organisms 
can survive. The added ammonia 
would also cause the droplets to 
absorb more sulfur dioxide and 
water vapor, which would explain 
the depletion of those substances 
in the clouds. In addition, “by 
changing the chemistry of the 
droplet, it’s probably not spherical 
anymore because it’s kind of a 
salt slurry,’ she says. Also, ammo- 
nia production, if it is biological, 
could create oxygen as a byprod- 
uct, “so we would just tie all 
those [anomalous observations] 
together” to fit into one consistent 
picture involving high-flying 
microbes in the venusian air. 

Cabrol says she can accept the 
idea of a habitable zone on Venus, 
but she finds it unlikely that it is 
actually inhabited. While there 
are living organisms in Earth’s 
atmosphere, she points out, none 
of them truly reside there. They 
are simply being transported 
from one place to another. That 
they could survive and create an 
ecosystem that is entirely air- 
borne seems unlikely, she says, 
because that environment would 
simply be far too unstable. 

Nevertheless, Cabrol supports 
the Morning Star team’s mission 
proposals because the questions 
are too important to leave unan- 
swered. “What I like is that they 
have science objectives that are 
squarely aligned with a science 
hypothesis, and there are clear 
goals, with the kinds of things 
you expect to see, and what it 
means if you don’t see them,” 
she says. “This is good stuff. ... 

I think they’re taking a very sci- 
entific, reasoned approach.” 

“We definitely have evidence 
of intricate chemistry in the atmo- 
sphere that’s beyond what we can 
piece together right now,” Seager 
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says. “Whether or not there’s life, 
there's definitely something 
interesting there that we don't 
understand.” And the only way to 
find out, she says, is to go there. 
The results will be a scientific 
bonanza. If there really are 
microbes wafting through the 
venusian sky, finding them would 
rank as one of the most signifi- 
cant discoveries in human history 
— the first detection of alien life. 
And if there aren't, then there 
must be some unique and 
unknown geochemical processes 
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LEFT: The most 
complex proposed 
Morning Star Mission 
to Venus will collect 
cloud samples via a 
canister carried aloft 
on a balloon, imagined 
here. These samples 
would then be returned 
to Earth for detailed 
study in terrestrial labs. 
WESTON BUCHANAN 
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occurring there to generate these 
unexpected chemical signatures. 
Discovering these processes could 
be important for understanding 
how rocky planets form and 
evolve not only in our solar sys- 
tem, but across the galaxy. 

Either way, the results of these 
ambitious missions will be sig- 
nificant and profound. 


David L. Chandler is the author 
of Life on Mars, (E.P. Dutton, 1979). 
He has written for New Scientist, 
Wired, The Atlantic, and more. 
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ABOVE: The Rocket 
Lab Mission's probe 
will fall through Venus’ 
atmosphere. Its science 
focus is the cloud 
layers between 28 and 
37 miles (45 to 60 km) 
high; the probe will 
have roughly 330 
seconds in this region 
to take measurements. 
ASTRONOMY: ROEN KELLY, AFTER 
NASA ARC 
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The enigmatic vapors 
that waft from Mercury’s 
lowlands hint at | 
unexpected geologic 


activity. BY MICHAEL CARROLL 


THE MORE WE DISCOVER about Mercury, 
the weirder it seems. For instance, despite the 
fact that daytime temperatures there soar to 

800 degrees Fahrenheit (427 degrees Celsius), ice 
encases the shadowed crater floors on its poles. 

The tiny planet should be devoid of the ice 
and other volatiles — compounds that can easily 
vaporize — that stuck to the larger terrestrial 
planets. After all, it has spent most of its existence 
close to the Sun, where fierce solar winds strip 
away atmosphere and even solid rock over time. 
But in fact, Mercury is rich in volatiles, perhaps 
more so than early Earth or Venus. 

Those puzzling compounds (like water, carbon 
monoxide, and sodium) have led to some of the 
strangest features in the solar system. As vapors 
break through the surface of the planet, they leave 
structures typical of volcanic eruptions. These 
include vents, fissures, flows of material, chains 
of collapsed pits, and raised mounds topped by 
craters. 


TWILIGHT BEFORE SUNRISE on Mercury brings 
spectacular views of the sodium cloud surrounding the planet 
in this illustration. Hollows can be seen in three stages of 
development: At left, a collapse feature is forming in an area of 
darkened surface. At center, an active hollow forms halos of 
bright material, probably due to outgassing of vapors. At distant 
right, an ancient hollow has become inactive and erodes away 
beneath a constant drizzle of micrometeorites. micHacL caRROLL 
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But strangest of all are Mercury’s hol- 
lows, unique sunken regions encircled 
by bright halos. First noticed as bright 
splotches decades ago, their apparent 
volcanic nature was revealed by NASA's 
MESSENGER mission, which orbited the 
planet from 2011 to 2015. The problem 
with these hollows is that they shouldn't 
be there — Mercury’s interior gases 
should have disappeared long ago, and 
the hollows are geologically fresh. 

Resolving this contradiction is forcing 
scientists to contemplate some funda- 
mental mysteries about how Mercury 
— and the solar system itself — formed. 
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As Mercury expert Mark Robinson of 
Arizona State University quips, “I think 
the MESSENGER mission proved that 
Mercury cannot exist!” 


Alien landscape 

Beneath its rarified skies, Mercury dis- 
plays alien landscapes, both elegant and 
desolate, that reflect several geological 
processes. 

Dramatic cliffs, called rupes, span 
hundreds of miles and tower over a mile 
high in places. These record Mercury’s 
planetary contraction: Scientists estimate 
that the planet’s radius may have shrunk 
by as much as 4.4 miles (7 kilometers) 
since it formed. It is probably still con- 
tracting even today. 

Mercury’s surface also displays 
a record of the assault it has taken 
under a drizzle of rock, metal, and ice. 
Meteorites, asteroids, and comets have 
left dramatic rayed craters and colossal 
impact scars. The largest is the Caloris 
basin, a 950-mile-wide (1,525 km) wound 
surrounded by mile-high mountains. 
Some basins have multiple concentric 


4) THE CENTRAL PEAK of the 163-mile- 
wide (263 km) Raditladi impact basin is marked 
by hollows in this mosaic from the MESSENGER 
orbiter. NASA/JOHNS HOPKINS UNIVERSITY APPLIED PHYSICS 
LABORATORY/CARNEGIE INSTITUTION OF WASHINGTON 


W) MERCURY APPEARS in crescent phase 
in this color view taken by MESSENGER as it 
approached the diminutive planet. nasajonns HOPKINS 
UNIVERSITY APPLIED PHYSICS LABORATORY/CARNEGIE INSTITUTION OF 


WASHINGTON 


mountain chains like ripples in a frozen 
pond. 

And then there is Mercury’s history of 
volcanism. Major flows and eruptions of 
molten rock appear to have ceased 
around 3.5 billion years ago. After that 
time, Mercury’s global contraction 
pinched off many of the volcanic sites. 
But smaller-scale volcanism carried on at 
locations where the crust was weakened, 
most commonly by impacts or faulting of 
the crust. Among the plethora of volca- 
nic features parading across the face of 
Mercury are the enigmatic hollows. 

Mercury’s hollows were first spotted 
in images taken by Mariner 10 during 
its three flybys of the planet in 1974 and 
1975. But the resolution of its images 
was too low to understand what Mariner 
scientists then classified as “bright, ill- 
defined patches.” 

A 2014 paper in the journal Icarus by a 
team led by Rebecca Thomas, then a grad- 
uate student at The Open University in 
Milton Keynes, U.K., defines the hollows 
as “sub-kilometer scale, shallow, flat- 
floored, steep-sided rimless depressions 
typically surrounded by bright deposits 
and generally occurring in impact cra- 
ters.” The hollows often congregate 
within craters, sometimes eating away the 
summits of central peaks or crater rims. 
Chains of smaller depressions melt into 
each other, forming wide areas of shallow, 
irregular cavities. They range in size from 
tens of yards to over a mile (1.6 km). 


(&) of northern Mercury 
are represented in this false-color view 
based on MESSENGER data. Terrain at low 
elevation appears as purple, with the highest 
elevations appearing white. nasa/oHNs HOPKINS 
UNIVERSITY APPLIED PHYSICS LABORATORY/CARNEGIE INSTITUTION OF 
WASHINGTON 


The authors and others have noted 
that the hollows are quite different from 
volcanic collapse pits, which are plentiful 
across the little planet. Volcanic pits are 
deep with rounded edges and irregular, 
rough floors. But the exotic hollows are 
shallow with smooth floors, scalloped 
margins, and often a blue coloration. 
Coronas of bright material composed 
of unknown substances surround these 
mysterious pits. 


Fresh features 

By looking at hollows in regions of vary- 
ing age, scientists can piece together how 
these features evolve. The indentations 


(Pm) as bright 
features in images returned by Mariner 10 — 

as in this image of craters Tyagaraja (bottom) 
and Balzac (upper right). But scientists didn't 
understand their true nature until NASA's 
MESSENGER mission obtained higher-resolution 


views. NASA/ARIZONA STATE UNIVERSITY 


(>) (>) of the crater 


Eminescu is surrounded by hollows, imaged here 


by MESSENGER. nasa/oHNs HOPKINS UNIVERSITY APPLIED 
PHYSICS LABORATORY/CARNEGIE INSTITUTION OF WASHINGTON 


appear to start as a localized darkening 
of the surface. A central region begins 
to collapse into several pits and as it 
does, a brightening builds around the 
assemblage of hollows. This brightening 
is often quite dramatic, developing into a 
halo surrounding the depressions. As the 
hollows age, the activity that led to the 
halos trails off and the ground darkens 
again. Over time, the surface relaxes. 
Micrometeorites and solar wind erode 
the walls until the hollows fade away. 
Investigators have come to realize that 
hollows are fairly recent in Mercury’s 
geological record. The youngest craters 
on Mercury have crisp rims and bright 
rays. Prominent hollows reside within 
many craters, including Balanchine, 
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Degas, and Dominici. The hollows that 
have been imaged in detail lack any cra- 
ters overlaying them, so they occurred 
after Mercury’s major cratering eras. 

The hollows appear almost exclusively 
in Mercury’s darkest areas, blanketed by 
what scientists call Low Reflectance 
Material (LRM). Something about the 
LRM regions must be favorable for hol- 
low formation. LRM is high in magne- 
sium, calcium, and sulfur, so it may be 
that one or more of these elements are 
involved in creating hollows. LRM also 
has a greater abundance of carbon, prob- 
ably in the form of graphite — another 
substance that may be responsible for the 
creation of hollows. While it is evident 
that hollows form through some type of 
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sublimation (when a solid turns directly 
into vapor) that causes the surface to sink, 
the specific mechanism is still a mystery. 

“It’s clear that the planet’s building 
blocks included materials that formed at 
relatively low temperatures,” says cosmo- 
chemist Larry Nittler of Arizona State 
University in Tempe, Arizona. But were 
they there when the planet formed — or 
were they delivered later in the planet's 
life by impacting comets? “It could well 
be that many of the planetesimals that 
formed Mercury formed further out in 
the [protoplanetary] disk,” says Nittler. 
“The ice and organic volatiles in polar 
craters are certainly a sign of recent 
delivery, likely by comets. But Mercury is 
also relatively rich in moderately volatile 
rock-forming elements like sodium, 
potassium, and chlorine, which must 
reflect how the planet formed.” In short, 
he says, “We really don’t know ... why it 
is so volatile-rich.” 

Some possibilities can be found in 
planet formation models, which show 
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(a) v: ) can be 

captured by astrophotographers on Earth, as 
in this view from a 2.5-inch refractor taken by 
Italian imager Andrea Alessandrini on May 5, 
2021. ANDREA ALESSANDRINI 


that early in the solar system’s history, 
Jupiter, Saturn, Uranus, and Neptune 
migrated toward and away from the 
inner solar system. As they did so, their 
gravity acted as snowplows, moving 
material around the solar system. 

One model, called the Grand Tack, 
indicates that Jupiter robbed Mars and 
its surroundings of icy and rocky planet- 
building material, sending it toward the 
inner system. During its planetary 
migration, Jupiter also cast many of the 
most water-rich asteroids inward, deliv- 
ering water to the terrestrial planets. 
This would explain the diminutive size 
of Mars, the structure of the asteroid 
belt, the birth of terrestrial seas — and 
Mercury’s abundance of volatile materi- 
als. Analysts have also been discussing 
a model in which Mercury itself formed 
much farther out and was transported 
to its current orbit. 


Something in the air 

The history of Mercury’s volatile com- 
pounds is also inextricably tied to that 
of the planet’s atmosphere — what little 
remains of it. 


« 'S S aren't only 
found on the floors of craters, but also on their 
central peaks, like that of Pasch, seen here by 
MESSENGER. nasa/JoHNs HOPKINS UNIVERSITY APPLIED PHYSICS 


LABORATORY/CARNEGIE INSTITUTION OF WASHINGTON/USGS ASTROGEOLOGY 


Mercury’s first tenuous atmosphere 
came directly from the solar nebula, 
containing mostly hydrogen and helium. 
The Sun also contributed by blasting 
atoms off surface rocks. Volcanic erup- 
tions further added to the diaphanous 
layer of thin gases as the planet matured. 
But Mercury’s magnetic field and weak 
gravity could not hold on to the thin, hot 
air, and soon only a trace remained — a 
loosely bound layer of gas that scientists 
refer to as an exosphere. 

As with the other terrestrial planets, 
Mercury lost its initial atmosphere quite 
early in its development, leaving scien- 
tists to try to piece together its compli- 
cated history. “Knowing what it may or 
may not have been doing in the past is 
not an easy thing,” says Ron Vervack, 

a planetary atmospheres researcher at 
Johns Hopkins University’s Applied 
Physics Lab in Laurel, Maryland. “T 
think I can pretty safely say that it never 
had anything like a martian atmosphere 
in terms of either pressure levels or 
global presence.” 

Vervack suggests that even in its 
prime, Mercury’s atmosphere may have 
been a somewhat transient feature, pro- 
duced when the young planets were 
bombarded by asteroids and comets left 
over from the solar system's formation. 
“You could imagine that a bunch of com- 
ets raining down on Mercury might have 
led to temporary mini-exospheres at 
places where a comet struck Mercury,” 
he says. At that position, water vapor 
mixed with other compounds like car- 
bon monoxide and carbon dioxide would 
form a temporary local exosphere over 
the region and eventually disperse. 

According to Vervack’s research, 
some of this gas would make its way to 
the poles, settling into the permanently 
shadowed regions in deep crater floors 
and valleys. There, it could have been 
preserved in the form of the ice 
deposits we see today. In that sense, 
the polar deposits are very likely the 
remnants of Mercury’s earliest 
exosphere. 

Today, the planet stands as a 
battered world offering us a rich 
chronicle of the early solar system. Its 
exosphere contains 42 percent oxygen, 
29 percent sodium, 22 percent hydro- 
gen, 6 percent helium, and traces of 
potassium, argon, neon, carbon dioxide, 


water, nitrogen, xenon, and krypton. 
Many of these ancient elements may play 
a role in the formation of the hollows. 


Vervack. He envisions a fascinating vista 
above the hollows near twilight, as vola- 
tiles waft into the sky and replenish the 
planet’s exosphere. “The exosphere glows 
in various colors and shapes owing to 
how it is generated and which atomic 
species comprise it,” Vervack explains. 
“The sodium glows with the same color 
that sodium streetlamps do on Earth 
— that sort of yellowish-amber color.” 
The sodium that evaporates to form 
hollows is a contributor to one of 
Mercury's most curious features — its 
——_ cometlike sodium tail, which extends 
= away from the Sun (anti-sunward) for 
15 million miles (24 million km). 
“When the sodium tail is 
extended anti-sunward 
strongly, you would easily see 
[it] in the night sky,” says 
Vervack. “Imagine being 
on the equator at mid- 
night. The sodium 
atoms stream around 
from the dayside all 
around the terminator 
in the anti-sunward 
direction, so you 
would see this yellow- 
ish glow near the hori- 
zon in all directions.” 
Sodium is not the 
only actor on the 
Mercury sky stage. 
Calcium would season 


Misty glows 

In Washington Irving’s short story “The 
Legend of Sleepy Hollow,” the author 
describes a Dutch-settled valley as a 
shadowy glen with a haunted atmo- 
sphere. Mercury’s hollows are also places 
of mystery haunted by unseen forces. 


“Hollows are just strange,” says 


THE POLAR AREAS of Mercury 
contain craters with regions that remain 
permanently shadowed, regardless of the 
time of day. These regions show up in this 
map of Mercury’s north polar area, which 
displays the maximum biannual surface 
temperature. Regions shown in red are hot, 
reaching temperatures over 260 degrees 
Fahrenheit (127 degrees Celsius); regions 
shown in purple are as cold as minus 370 F 
(minus 223 C). These shadowed areas may 
contain deposits of ice that are the remnants 
of Mercury's original exosphere. nasaouns 
HOPKINS UNIVERSITY APPLIED PHYSICS LABORATORY/CARNEGIE 
INSTITUTION OF WASHINGTON 


THE CHEMICAL, mineralogical, and 
physical variations of Mercury's surface are 
enhanced in this false-color view of the 
planet, based on data from MESSENGER. 
NASA/JOHNS HOPKINS UNIVERSITY APPLIED PHYSICS LABORATORY/ 
CARNEGIE INSTITUTION OF WASHINGTON 


the sky with a violet glow. Its light is 
strongest at dawn because this is the 
direction in which Mercury moves 
through interplanetary dust. “The wispy 
vapor over the hollows wouldn't glow at 
night, but would perhaps be visible in the 
predawn hours,” Vervack says. 

These fluorescent glows would paint 
the sky above the planet’s depressions a 
ghostly green and purple — a display 
that must only add to the unusual 
enigma of Mercury’s sleepy hollows. # 


Michael Carroll /s a science journalist 
and space artist who has written over 30 
books. His latest is Planet Earths: Past and 
Present (Springer, 2023). 
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TOO BIG, 


The James Webb Space Telescope's hunt for the earliest galaxies has 
turned up some massive surprises. 


WHEN THE JAMES WEBB Space 
Telescope (JWST) roared from the 
launch pad Dec. 25, 2021, astronomers 
expected it to revolutionize our view of 
the cosmos. Little did they realize just 
how prophetic they were. 

Scientists released the first images 
from the 6.5-meter telescope in July 2022. 
Astronomers immediately started poring 
over the photos. Cosmologists paid par- 
ticular attention to views of deep space, 
where they hoped to find galaxies that 
formed within the first billion years after 
the Big Bang. Only JWST can probe this 

far back because universal expan- 
sion shifts the ultraviolet and 
visible light these distant galax- 
ies emit to infrared wave- 
lengths — right in 
the telescope’s 
wheel- 
house. 


Ivo Labbé of the Swinburne University 
of Technology in Melbourne, Australia, 
led a team that discovered six of these 
galaxies that existed just 500 million to 
700 million years after the Big Bang. The 
light from these objects left their hosts 
more than 13 billion years ago. 

Seeing the distant beacons wasn’t the 
biggest surprise, however: These galaxies 
were spitting out an extraordinary 
amount of light, implying they must be 
truly massive. “These objects are way 
more massive than anyone expected,” said 
team member Joel Leja of Penn State in a 
press release. Five tip the scales at more 
than 10 billion solar masses, while one 
appears to weigh 100 billion solar masses, 
or nearly as much as the Milky Way. 

The prevailing attitude had been that 
early galaxies began as small clouds of 
gas, stars, and dust that grew gradually 
into the stately spirals and ellipticals we 
see in today’s universe. Most galaxies 
convert at most 10 percent of their gas 
into stars, but these newly discovered 


island universes would need to be con- 
verting nearly 100 percent. The discovery 
“calls the whole picture of early galaxy 
formation into question,” added Leja. 
The team published its results in the 

Feb. 22 issue of Nature. 


A SECOND PROBLEM 

If the question of how big galaxies could 
form so early was the extent of the theo- 
retical challenge, that would be one 
thing. But the new findings also raise 
major concerns about cosmologists’ lead- 
ing theory of how the cosmos evolved, 
which combines dark energy with cold 
dark matter. 

Michael Boylan-Kolchin of the 
University of Texas at Austin crunched 
the numbers and found that if the esti- 
mated masses of these galaxies are right, 
“we'll require something very new about 
galaxy formation or a modification to 
cosmology,” he said. One possibility 
for the latter would be a period of 
enhanced cosmic expansion shortly 


FAR LEFT: ARCHANGEL80889/DREAMSTIME.COM 


JWST has uncovered six 
massive galaxies (the red 
dot at the center of each 
close-up) from when 

the universe was just 
500 million to 700 million 
years old. The one at 
bottom left appears to 
hold as many stars as the 
Milky Way. If scientists 
confirm the galaxies’ 
properties, these objects 
may force astronomers 
to reconsider galaxy 
formation and 
cosmological theory. 
NASA/ESA/CSA/I. LABBE (SWINBURNE 
UNIVERSITY OF TECHNOLOGY) 


after the Big Bang, which might require 
looking into new forces and particles. 
Boylan-Kolchin published his analysis 
in the April 13 Nature Astronomy. 

All the researchers emphasize the pre- 
liminary nature of these studies. Both 
the galaxies’ ages and masses are esti- 
mates and could be revised once JWST 
takes spectra of the objects to nail down 
their distances and compositions. Such 
observations would rule out the presence 


of central supermassive black holes mak- 
ing the galaxies appear more massive, or 
abundant dust causing them to appear 
redder and thus farther away. The scien- 
tists hope JWST delivers these results 
within the next year or so. (The telescope 
has lots of competing priorities, after all.) 
The observations came as part of the 
Cosmic Evolution Early Release Science 
Survey, a program to focus JWST’s full 
imaging and spectroscopic power on a 


The Hubble Space 
‘* Telescope’s Extended 
Groth Strip offers a 
template for current 

- and future JWST 
observations. nasa/ 
ESA/M. DAVIS (UC, BERKELEY) 


small slice of sky known as the Extended 
Groth Strip. The Hubble Space Telescope 
imaged this 70' by 10' region in Ursa 
Major in 2004 and 2005. Hubble cap- 
tured more than 50,000 galaxies in the 
strip. Now JWST has probed even deeper, 
opening a window into the universe’s 
first billion years. # 


Contributing Editor Richard Talcott can't 
wait for every new JWST revelation. 
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SKY THIS MONTH 


@ Visible to the naked eye 
MD Visible with binoculars 
‘*® Visible with a telescope 


THE SOLAR SYSTEM'S CHANGING LANDSCAPE AS IT APPEARS IN EARTH'S SKY. 
BY MARTIN RATCLIFFE AND ALISTER LING 


SEPTEMBER 2023 


Saturn continu 


Peak viewing season for 
the giant planets con- 

tinues. Saturn is visible all 
night, at its best in the late eve- 
ning. Jupiter rises later and 
dominates the early morning. 
Neptune reaches opposition 
near a 5th-magnitude star — 
grab binoculars to catch the 
best view of 2023. Uranus hov- 
ers between the Pleiades and 
Jupiter, offering good opportu- 
nities to catch this distant giant. 
Venus grows to greatest bril- 
liancy before dawn — you can't 
miss it — and Mercury comes 
up to join it later in September. 

Mars is slowly approaching 
its November solar conjunction. 
Shining at magnitude 1.7, it’s a 
challenging object low in the 
western sky after sunset. Mars 
stands 3° high 30 minutes after 
sunset and drops to half that 
elevation less than 15 minutes 
later, so the observing window 
is very narrow. Look for Spica, 
which is brighter, located 12° 
east of Mars by midmonth. 

The crescent Moon passes in 


front of Mars during a daylight 
occultation Sept. 16, visible 
across the U.S. The timing of the 
event varies with location. It’s 
midafternoon for the Eastern 
Seaboard (in Miami, Mars 
disappears around 3:25 p.m. 
EDT), and early afternoon for 


In morning twilight <> Ab 


Castor® 


Pollux® ~ 


Moon \__ 


"COO M44 


Saturn holds court over a plethora of moons. Visible here are Dione (far 
left), Enceladus (near the rings’ left edge), Mimas (in the shadow of the 
rings on the planet's left limb), Rhea (transiting near the north pole), 
Tethys (right of the rings), and Titan (lower right). nasa/pL/sPAce SCIENCE INSTITUTE 


es to stun 


Midwestern states (12:26 P.M. 
MDT in Denver). Mars misses 
the southern limb of the Moon 
for observers along the West 
Coast except in the extreme 
northwest (e.g., Portland). 

By evening, you can spot 
Mars nearly 2° west of the very 


* GEMINI 


o 


Procyon@ 


CANIS 
MINOR 


CANCER 


* LEO 
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Reguluse | 


Sept. 11, 1 hour before sunrise 
Looking east 


On Sept. 11, brilliant Venus hangs beneath a crescent Moon. The pair sits near 


a 
Venus e 


the picturesque Beehive Cluster (M44). att iLLustRATIONS: ASTRONOMY: ROEN KELLY 


28 ASTRONOMY = SEPTEMBER 2023 


thin, two-day-old Moon. The 
Red Planet soon dips out of 
view as it heads for the Sun. 

Saturn is at its finest in early 
September. It just passed oppo- 
sition Aug. 27 and is visible all 
night in Aquarius. The ringed 
planet shines at magnitude 0.4 
and dims 0.1 magnitude by 
midmonth. You'll find it low in 
the southeastern sky after sun- 
set; it climbs steadily to its high- 
est due south around local 
midnight on Sept. 1. By the end 
of September, Saturn reaches 
this point two hours earlier. 

A bright gibbous Moon lies 
about 3° below Saturn Sept. 26. 
With increasing darkness as 
the autumn Sun sets ever ear- 
lier, conditions are favorable 
for late-evening viewing. 

Through a telescope, the 
rings’ northern side is sunlit 
and tilted toward us by 9° in 
early September. The angle 
increases to 10° by the 30th. 
The dusky appearance of the 
outer A ring contrasts nicely 
with the brighter B ring. The 


RISING MOON | Mythological muscle men 


NEPTUNE reaches opposition 
in Pisces Sept. 19. 


O00 


two are separated by the dark 
Cassini Division. The inner C 
ring is lighter and transparent. 

Saturn’s yellowish disk spans 
19" and the rings extend 42". 
We're viewing the world from 
about 8.8 astronomical units 
(818 million miles) away; this 
distance slowly increases 
throughout the month. (One 
astronomical unit, or AU, is the 
average Earth-Sun distance.) 

Saturn’s brightest moon is 
magnitude 8.5 Titan. Its 16-day 
period carries it roughly north 
of the planet from Sept. 7 to 8 
and 23 to 24. It appears roughly 
south Sept. 15 and 16. Look also 
for three fainter, 10th-magnitude 
moons — Tethys, Dione, and 
Rhea — orbiting closer in. Rhea 
is a shade brighter than the 
other two. Tethys and Dione 
orbit in 1.9 and 2.7 days, respec- 
tively, while Rhea takes 4.5 days. 
Occasionally, bright field stars 
wander into view, so take care 
not to mistake these for moons. 
From Sept. 8 to 10, for instance, 
Saturn moves between an 8th- 
and 9th-magnitude stellar pair. 

Enceladus is very faint at 
magnitude 12. It lies nearer to 
the rings, so Saturn’s brilliance 
makes it a challenge, but spot- 
ting it is a thrill. 

Iapetus reaches western elon- 
gation Sept. 10, shining at 10th 
magnitude. It stands 9' west of 
the planet, far beyond the other 
moons, making it trickier to 
identify. On Sept. 12, it lies 
between two 10th-magnitude 
stars. On Sept. 20, Iapetus 


YOU CAN USE the Harvest Moon effect twice 
this month. After Full phase, the waning gib- 
bous Moon still rises in the early evening. 
Without having to stay up late, it’s a splendid 
opportunity to see reversed light on Luna. Here 
on Earth, the play of light and shadows in your 
neighborhood is different at sunrise and sunset; 
likewise on the Moon. It’s not simply the same 
scene running backward in time! 

Look to the northern third of our satellite on 
the evening of the 2nd and 3rd (both this month 
and next) to see the neatly paired muscle men 
of mythology, Atlas and Hercules. Atlas is 
closer to the limb. Hercules, 43 miles 
across, sports a floor of lava punctured by 
a sharp-edged crater of more modest size. 
The older Atlas has wrinkles and a jumble 
of central peaks typical of larger craters. At 


sunset on the 3rd, Atlas’ central features drop 


into darkness, while Hercules’ inner crater will 
soon succumb to shadow, but hasn't yet. 

Under “normal” (waxing) lighting just after 
midmonth, the pair are emerging into sunlight 
and their shadows appear reversed: The outer 
rims are lit on the eastern side, while the inner 
crater walls are now lit to the west. On the 18th, 


Hercules and Atlas lie near the 
yy Moon's northeastern limb. consozipated 
LUNAR ATLAS/UA/LPL. INSET: NASA/GSFC/ASU 


the dynamic duo makes quite the standout fea- 
ture on the crescent. If you get a streak of good 
weather, see if you can notice night by night 
how the lava seems to get darker and produce 
better contrast. At sunrise or sunset, all surfaces 
scatter light in a similar fashion, but at higher 
Sun angles, the differences become striking. 


METEOR WATCH | Ecliptic glow 


Follow the light <> 


THERE ARE NO major meteor 
showers in September. As the 
bright planets beckon early- 
morning observers, be on the 


appears double, sitting next to a 
magnitude 10.6 star. Watch for a 
few minutes and the moon will 
reveal itself by moving relative 


lookout for the zodiacal light in 
the predawn sky. It’s visible only 
from very dark locations. The dis- 
tinctive cone-shaped brightening 


to the star. The following night, 

Titan sits beside the same star. 
Iapetus moves toward 

Saturn, approaching superior 


This month, Venus (bright object 
near the horizon) is embedded 
in the cone-shaped glow of the 
zodiacal light. aan pver 


lights up the steeply inclined 
ecliptic with a glow similar to 
that of the Milky Way. It extends 
from Leo through Cancer and 
into Gemini. This glow is from 
meteoritic dust that pervades 
the inner solar system. 

Watch for the zodiacal light 
in the third week of September 
around New Moon. Venus will 
be embedded in the faint light 
and can help guide your eye 
along the ecliptic. Watch for 
Mercury rising later as well. 
Twilight will be a lower, wider 
glow along the eastern horizon 
that quickly drowns out the 
zodiacal light. 


conjunction on the 29th. 
Don’t confuse it for the 10th- 
magnitude star due west of 

— Continued on page 34 
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HOW TO USE THIS MAP 
This map portrays the sky as seen 
near 35° north latitude. Located 
inside the border are the cardinal 
directions and their intermediate 


points. To find stars, hold the map i w Fa R, > ‘ sue|Od * GON 

overhead and orient it so one of ss — ee (°° oe x 

the labels matches the direction — ae syn a 
you're facing. The stars above Shae 


the map's horizon now match 
what's in the sky. 


The all-sky map shows 
how the sky looks at: 


10 p.m. September 1 
9 p.m. September 15 
8 p.m. September 30 


Planets are shown 
at midmonth 


MAP SYMBOLS 
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Open cluster 
Globular cluster 
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C] Diffuse nebula 
> Planetary nebula 
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Galaxy 
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MAGNITUDES 


@ Sirius 
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STAR COLORS 


A star's color depends 
on its surface temperature. 


The hottest stars shine blue 
Slightly cooler stars appear white 
Intermediate stars (like the Sun) glow yellow 
Lower-temperature stars appear orange 

The coolest stars glow red 


Fainter stars can't excite our eyes’ color 
receptors, so they appear white unless you 
use optical aid to gather more light 


BEGINNERS: WATCH A VIDEO ABOUT HOW TO READ A STAR CHART AT 
www.Astronomy.com/starchart. 


ILLUSTRATIONS BY ASTRONOMY: ROEN KELLY 


Note: Moon phases in the calendar vary in size due to the distance 
from Earth and are shown at Oh Universal Time. 


CALENDAR OF EVENTS 


1 The Moon passes 1.4° south of Neptune, 3 a.m. EDT 
2 Venusis stationary, midnight EDT 
4 The Moon passes 3° north of Jupiter, 4 p.m. EDT 
Jupiter is stationary, 5 p.m. EDT 
The Moon passes 3° north of Uranus, 5 a.m. EDT 
Mercury is in inferior conjunction, 7 a.m. EDT 
q Last Quarter Moon occurs at 6:21 p.m. EDT 
The Moon passes 11° north of Venus, 9 A.m. EDT 
The Moon is at apogee (252,457 miles from Earth), 11:43 a.m. EDT 
Mercury is stationary, 8 p.m. EDT 
& New Moon occurs at 9:40 p.m. EDT 
The Moon passes 0.7° north of Mars, 3 p.m. EDT 
Neptune is at opposition, 7 a.m. EDT 
Venus is at greatest brilliancy (magnitude -4.8), 10 a.m. EDT 
The Moon passes 0.9° north of Antares, 4 a.m. EDT 
Mercury is at greatest western elongation (18°), 9 a.m. EDT 
First Quarter Moon occurs at 3:32 p.m. EDT 
Autumnal equinox occurs at 2:50 a.m. EDT 
The Moon passes 3° south of Saturn, 9 p.m. EDT 
The Moon is at perigee (223,639 miles from Earth), 8:59 p.m. EDT 
The Moon passes 1.4° south of Neptune, 1 p.m. EDT 
& Full Moon occurs at 5:58 a.m. EDT 
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Mercury appears bright }- 
in morning twilight in 
late September 


Sort 9° TAG" Jupiter 
_—\.. Hele arg a 
j saat , ae 
j \ Celestial e 


4 Venus shines brightest before 
dawn in mid-September 


- Comet C/2020- 


Moon phases Dawn Midnight 


16 15 14 ik} 12 11 10 9 8 7 6 5 4 3 2 1 
To locate the Moon in the sky, draw a line from the phase shown for the day & é é ? ry 
straight up to the curved blue line. Ti 1 oa 7 73 


THE PLANETS eran 


IN THEIR ORBITS 


Arrows show the inner 
planets’ monthly motions 
and dots depict the 
outer planets’ positions 
at midmonth from high 
above their orbits. 


© Venus 


Jupiter 


Neptune 
Opposition is 
September 19 


Saturn 


10" 


Mercury 


% 


Mercury 
Greatest western elongation 
is September 22 


Jupiter 


Date Sept. 30 Sept. 15 
Magnitude -1.0 -4.8 
Angular size 5.9" 40.4" 


| Autumnal equinox 
| is September 22/23 


Illumination 78% 24% 


Distance (AU) from Earth 1149 0.413 
Distance (AU) from Sun 0.319 0.726 
Right ascension (2000.0) 11h30.4m 8h59.7m 
Declination (2000.0) 5°09' lilp25y 
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This map unfolds the entire night sky from sunset (at right) until sunrise (at left). Arrows SE PTE Mm e = Ee 2023 
and colored dots show motions and locations of solar system objects during the month. 
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These illustrations show the size, phase, 
and orientation of each planet and the two 
brightest dwarf planets at Oh UT for the dates ») 


in the data table at bottom. South is at the top 18 oO 


to match the view through a telescope. 
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*lapetus 
Saturn P 


Titan 


«Rhea 


_ *Enceladus 
Mimas 


Sept. 29, midnight EDT 


lapetus sits far west of Saturn early in September. But near the end of the 
month, the moon lies just 17" south of the disk. 


Saturn on Sept. 26. Iapetus, fad- 
ing as its darker hemisphere 
turns earthward, is closer to the 
planet. The night of Sept. 29, 
Iapetus is 17" south of Saturn. 

Look on Sept. 13 just before 
11 p.m. EDT: Tethys begins to 
transit the planet, followed a 
few minutes later by its shadow. 
Good seeing conditions are 
needed to observe the event; 
the best way to record it is to 
capture high-speed video and 
process later. The transit lasts 
about 90 minutes. 

This is the best month of 
the year to spot Neptune. It 
has a fine appulse with 5th- 
magnitude 20 Piscium shortly 
before reaching opposition, 
which makes spotting the mag- 
nitude 7.7 world much easier. 

On Sept. 1, grab a pair of 
binoculars to find Neptune 16' 
northeast of the star. Watch 
each night as Neptune moves 
southwestward, reaching a 
point 4' due north of 20 Psc 
on Sept. 10. The star itself is 
a binary with 10" separation, 
while a 10th-magnitude star 
stands 3' to its west. 

Neptune reaches opposition 
Sept. 19, now 13' west of 20 Psc. 
The distant planet lies 28.9 AU 
from Earth. Through a tele- 
scope, Neptune spans 2" and 
glows with a bluish hue. By the 
end of September, the planet is 
31' southwest of 20 Psc. 

Jupiter rises around 10 p.m. 
in early September and stands 
20° high in the east at the same 
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time on Sept. 30. It starts the 
month at magnitude -2.6 — an 
unmistakable object in the faint 
constellation Aries. The best 
views of the giant planet are in 
the early-morning hours, when 
Jupiter stands more than 60° 
high in the southern sky. 
Binoculars will reveal some 
of its moons as well as the 6th- 
magnitude star Sigma (0) 
Arietis. The star stands due 
north of Jupiter on the 18th. 
Jupiter is a favorite of 


observers because of the wealth 
of detail in its atmosphere: dark 
equatorial belts, the Great Red 
Spot, and an ever-changing 
view as new features regularly 
appear, given its fast rotation 
period of less than 10 hours. 
The Galilean moons orbit 
with periods from about two 
to 17 days. When they pass in 
front of Jupiter, they cast their 
shadows on the cloud tops. 
Io undergoes regular transits 
across Jupiter’s disk. Events 
occur overnight on Sept. 3/4, 
12/13, 19/20, and 26/27. The 
shadow of Io is first to appear, 
followed by the moon. In early 
September the moon trails its 
shadow by 74 minutes; this 
shrinks to 54 minutes by the 
26th, due to the changing rela- 
tive position of Earth with 
respect to Jupiter and the Sun. 
Ganymede, Jupiter’s largest 
moon, casts its big shadow on 
the planet’s southern polar 


COMET SEARCH | Reliable returner 


Comet 103P/Hartley * 


INITIATING A YEAR-LONG 
feast of comets brighter than 10th 
magnitude is 103P/Hartley (Hartley 
2). Get under some dark skies with 
at least a 4-inch scope throughout 
this apparition as it is unlikely to 
break 8th magnitude, coming 
closest to Earth Sept. 25/26. Wait 
until late evening for the comet 
to climb up in the northeast. 
Imagers should try a 135mm 
lens to frame the green glow with 
the California Nebula (NGC 1499) 
before the second week of the 
month, and Auriga’s Messier clus- 
ters and Flame Nebula (IC 405) dur- 
ing the third. Few photos from two 
orbits ago show a white dust tail, 
though we know that Hartley puts 
out dust — dramatically revealed 
by a spacecraft visit in 2010. 
Readers in the southern U.S. 
can glimpse C/2021 T4 (Lemmon) 
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PERSEUS , 


WHEN TO 
VIEW THE 
PLANETS 


EVENING SKY 
Mars (west) 
Saturn (southeast) 
Neptune (east) 


MIDNIGHT 
Jupiter (east) 
Saturn (south) 
Uranus (east) 
Neptune (south) 


MORNING SKY 
Mercury (east) 
Venus (east) 
Jupiter (Southwest) 
Uranus (southwest) 
Neptune (west) 


regions Sept. 6/7, starting at 
1:51 A.M. EDT on the 7th (still 
the 6th in western time zones) 
and ending 3:40 a.m. EDT. 
The following night (Sept. 7/8), 


Europa’s shadow transits Jupiter, 
beginning at 12:30 a.m. EDT 

on the 8th. The event is already 
underway for the western U.S. 
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Comet Hartley 2 covers a wide swath of sky, moving from Perseus into 
Auriga. This chart shows the comet's path for the first two weeks of 
September; visit our website for additional charts covering the second 


half of the month. 


masquerading as a ghost of Zubenelgenubi from the 9th to the 14th right as evening twilight fades. If you 
want to get the periodic 2P/Encke on your lifetime list, the New Moon weekend of the 16th and 17th is a must 
while it is up near Castor. Otherwise, Encke quickly drops into morning twilight and our next decent view is 
more than a decade away. From Sept. 23 to 25, it skirts 3° north of Leo's big spiral galaxy NGC 2903. 


LOCATING ASTEROIDS | 


Between the rings 


PISCES 


AQUARIUS 


The solar system's most distant planet reaches opposition this month, 
shortly after passing 5th-magnitude 20 Piscium. 


as Jupiter rises. The shadow 
exits the disk at 2:49 a.m. EDT. 
Europa begins a transit eight 
minutes after its shadow leaves. 
Ganymede also undergoes 
an occultation behind the plan- 
et’s northern limb Sept. 17/18. 
This is best viewed from the 
eastern half of U.S. due to its 
lower altitude in the west. 
Ganymede disappears slowly 
due to the shallow angle of the 
limb near the pole. It begins at 
12:28 a.M. EDT on Sept. 18 
(note this is still late on the 17th 
in the Central time zone), but 
you ll see the moon blend with 
the limb of Jupiter a bit earlier. 
It reappears at 1:22 a.m. EDT. 
Uranus stands about 8.5° 
southwest of the Pleiades star 
cluster (M45) and 7.5° north- 
east of Jupiter. With binoculars, 
scan southeast of M45 until you 
come across an arc-shaped trio 
of 5th-magnitude stars led by 
Tau (t) Arietis. Drop 3° south 
of this grouping to find Uranus. 
It glows at magnitude 5.7. 
Uranus has started its retro- 
grade path westward. It moves 
slowly early in the month and 
picks up the pace later. During 
September it moves less than 


0.5°. While you've got Jupiter 
in your telescope, remember 

to swing east just a few degrees 
to view this distant planet. Its 
greenish-hued, 4'"-wide disk is 
evocative, standing just over 

19 AU from Earth. When 
William Herschel spotted it in 
1781, it was the first planet ever 
discovered with a telescope. 

Venus dominates the morn- 
ing sky, shining brilliantly in the 
hour before dawn. On Sept. 1 it 
is magnitude —4.6; it brightens 
to its greatest brilliancy of 
-4.8 by the 9th. Venus rises on 
Sept. 1 just before 5 a.m. local 
daylight time, around the same 
time astronomical twilight 
begins. The planet is in south- 
ern Cancer, hanging more than 
20° below Castor and Pollux, 
the brightest stars in Gemini. 

On Sept. 11, a lovely crescent 
Moon hangs 11° due north of 
Venus. Scan the sky around 
them with binoculars to catch 
a view of M44, the Beehive 
Cluster, about 4° southwest of 
the Moon. 

On the Ist, a telescope shows 
Venus’ 50"-wide crescent is 11 
percent lit. By the 11th, it’s a 
21-percent-lit crescent spanning 


GET DAILY UPDATES ON YOUR NIGHT SKY AT 
www.Astronomy.com/skythisweek. 


AQUARIUS IS A BIT TOUGH to see from the suburbs. Set your 
sights on Saturn in the southeast and drop 7° — about a finder 
field — to land close to main-belt asteroid 8 Flora. 

Start a little more south of Saturn, using the 5th-magnitude star 
Upsilon (v) Aquarii as an anchor. Take along a nebula filter to catch 
the rather large, famous smoke ring of the Helix Nebula (NGC 7293). 

The somewhat-sparse star fields here can be helpful for check- 
ing position and orientation, since their patterns won't be confused 
by hordes of background suns. Measuring a respectable 90 miles 
across, 8th-magnitude Flora forms a nearly straight line with a pair 
of brighter and fainter widely separated stars from the 7th to the 
9th. Mid-month, Flora scootches past a small, hockey-stick-shaped 
asterism, making it super easy in both cases to make a field draw- 
ing in a logbook to plot its passage. 

Wait past 10 p.m. for Flora to climb above rooftops and trees, and 
give it a rest when the Moon is nearby from the 25th to the 27th. 


Saturn 3K, : 


AQUARIUS Path of ° 


Flora « : 


Ke. ° 


2095 CAPRICORNUS*: *8, 


Asteroid Flora floats through a sparse region of Aquarius, aiding in its 
identification. The position of Saturn is shown on Sept. 15. 


43" — a product of its increas- 
ing distance from Earth and 
growing angular separation 
from the Sun. The planet con- 
tinues shrinking, reaching 32" 
on the 30th, while its crescent 
is 36 percent lit. Venus crosses 
into Leo Sept. 25 and ends the 
month 7.8° west of Regulus, the 
Lion’s brightest star. 

The best morning view of 
Mercury in 2023 occurs this 
month. The tiny planet hops 
into the morning sky after its 
Sept. 6 inferior conjunction. 
It’s already magnitude 1 by the 


16th, standing 8° below Regulus. 


Brightening quickly, it’s magni- 
tude 0 four days later on the 
20th, rising 90 minutes before 
the Sun. It reaches greatest 


western elongation of 18° on 
the 22nd, shining at magnitude 
—0.3. Mercury continues to 
brighten, reaching magnitude 
—1 on the 29th. The world is a 
dramatic object 9° high 30 min- 
utes before sunrise as Venus, 
high above, watches over it. 

Sept. 23 marks the autum- 
nal equinox (2:50 a.m. EDT), 
when the Sun appears above 
the celestial equator, moving 
southward. 


Martin Ratcliffe is a 
planetarium professional with 
Evans & Sutherland and enjoys 
observing from Salt Lake City. 
Alister Ling, who lives in 
Edmonton, Alberta, is a longtime 
watcher of the skies. 
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Stellafane 
celebrates 
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After a century of telescope-making and observing, 
the Vermont-based hobbyists and their clubhouse 
are still going strong. 


SCHOLARS ACROSS THE GLOBE Budding astronomer After his arctic adventures ebbed, 
often refer to astronomy as the oldest sci- Born in Springfield, Vermont, in 1871, Porter moved to Port Clyde, Maine, and 
ence, dating back to the ancient Russell W. Porter exemplified a 20th- got married. He made a living designing 
Mesopotamians and Babylonians. While century Renaissance man. He was an new oceanfront cottages and renovating 
that may be true, modern-day amateur artist, an architect, an engineer, and an older buildings. But by night, the dark 
astronomy can trace its origins back arctic explorer. It was on those excur- Maine skies beckoned him to learn more 
to Dec. 7, 1923. On that date, the first sions around the Arctic Circle that about the universe. 

meeting of a small club known as the celestial navigation, astronomy, and In 1910, Porter’s longtime friend and 
Springfield Telescope Makers sparked telescopes began to pique his interest, enthusiastic amateur astronomer James 
a movement that continues to this day. paving the way for a lifelong hobby. Hartness began introducing him to arti- 


cles in Scientific American and Popular 
Astronomy magazines, to fuel his interest 
in astronomy. One issue included an 
intriguing article written by Leo 
Holcomb on speculum (or mirror) mak- 
ing. Although the article was only a gen- 
eral introduction to the subject and did 
not contain actual instructions on mirror 
grinding, it was enough to prompt Porter 
to write to Holcomb, asking for more 
information. 

Holcomb began corresponding with 
Porter, sending a copy of the book Glass 
Working by Heat and by Abrasion by 
Paul Hasluck with one of his letters. This 
book was just the thing Porter needed to 
begin crafting his first telescope lens. In 


Russell Porter's first telescope-mirror-making class in October 1920 gathered at Jones and Lamson, and a later article ee Popular Astronomy, he 
was composed of 15 men and one woman. Some would go on to found the Springfield Telescope Makers. wrote, “Since that time, I have figured a 
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benefits of my experience.” 

Meanwhile, to cope with the intensely 
cold winter nights in northern New 
England, Hartness had devised a clever 
“indoor observatory” that kept the optics 
of his 10-inch refractor outside in the 
cold to prevent distortion, while the 
observer stayed in a heated room. 

Inspired by Hartness’ design, Porter 
created a similar observatory for his 
home, featuring a reflecting telescope. 
The excellent quality of his new observa- 
tory prompted Porter to write an article 
about its design for the May 1916 issue 
of Popular Astronomy. It was the first of 
many articles to come. 


Expanding the scope 

In 1915, Porter joined MIT as a profes- 
sor; he then worked at the National 
Bureau of Standards during World 
War I. But in 1919, Porter moved back 
to Springfield with his wife Alice and 
young daughter Caroline. He got a job 
with Hartness at Jones & Lamson 
Machine Co., a large manufacturer of 
small mechanical parts. 

Porter’s fascination with telescope- 
making soon proved contagious and 
by 1920, many fellow townsfolk had 
become interested in the hobby, prompt- 
ing Porter to start teaching classes. 
Eventually the members began hauling 
their completed telescopes all over town 
for observing sessions. One favorite spot 
was land owned by Porter atop Breezy 
Hill, just outside Springfield. 

On Dec. 7, 1923, the Springfield 
Telescope Makers club was born, with 
Porter elected as president. Around the 
same time, members began constructing 
a clubhouse on the summit of Breezy 
Hill. The building consisted of a main 
meeting room and two upstairs bed- 
rooms, and later a kitchen. 

In 1924, the club adopted Porter’s pro- 
posal that the site be christened Stellar 
Fane, Latin for “shrine to the stars.” 
Within months, the name was shortened 
to Stellafane. 

Porter spread the word about % 


jen The Stellafane Clubhouse sits atop Breezy Hill in Springfield, Vermont, and was built in 1923. amewiximepia 
Stellafane within the pages of Popular Wimons — 
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Astronomy. In 1925, after reading 
Porter's articles in the magazine, editor 
Albert Ingalls met with him to learn 
about the telescope-making process and 
the Springfield club. Ingalls subsequently 
visited Stellafane to meet with members. 

Ingalls’ article about Porter’s club and 
their homemade telescopes made the 
cover story of the November 1925 issue 
of Scientific American. The response was 
almost immediate. Readers wanted to 
know how to build their own instru- 
ments. At the time, most commercial 
telescopes were high-priced refractors, 
impossible for many amateurs to pur- 
chase. Porter’s articles ignited an excite- 
ment that the average person could make 
their own telescope, even on a limited 
budget. 

The popularity of that article helped 
Ingalls convince Porter to write two arti- 
cles on amateur telescope-making for 
Scientific American. They appeared in 
February and March 1926. Letters from 
interested readers around the world 


poured in, and Porter soon became a 
corresponding editor for the magazine. 

The reaction also prompted the club 
to invite amateur telescope makers to 
Stellafane for a weekend gathering to 
exchange ideas and compare their cre- 
ations. On July 3, 1926, about 20 people 
ventured up the dirt roads to the summit 
of Breezy Hill to attend the first 
Stellafane convention. 

Growing interest in amateur 
telescope-making prompted 
Ingalls to compile a book with 
step-by-step instructions, called 
Amateur Telescope Making. He 
included Porter's first two arti- 
cles from Scientific American, 
along with several new chapters. 
Published in 1926, it has since become 
the amateur telescope maker’s bible. 

This continued to fuel a movement 
that changed the face of the hobby for- 
ever. Rather than spending a fortune on 
a small refractor, the growing field of 
amateur astronomers preferred to make 


WHY IS STELLAFANE PAINTED PINK? 


TODAY, ONE OF THE MOST COMMON QUESTIONS people ask is “Why is the 
Stellafane clubhouse painted pink?” The answer is steeped in legend. One story says 
that a local merchant donated paint but did not specify the color; the telescope makers 
later discovered that the paint was pink. Another version claims that Porter wanted to 
paint the clubhouse spruce-gum pink, which is white with the faintest hint of pink. But 
club members misunderstood and painted the clubhouse that vibrant “Stellafane pink.” 
Whichever story is true — if either — is lost to history, but the clubhouse remains the 


candy-colored shade to this day. 


Attendees from all over the country gather in front of the Stellafane clubhouse in Springfield, 
Vermont, for the annual Stellafane Convention. The color of the building, nicknamed “Stellafane 
Pink,” is iconic to those visiting. ricHarD sanDERSON 
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their own larger Newtonian reflectors for 
less money. Meanwhile, the Stellafane 
convention became an annual event. 

In 1928, Porter met with astronomer 
George Ellery Hale, who had read some 
of his articles. Hale was in the early plan- 
ning stages of installing a 200-inch 
(5.1 meters) reflector — the world’s larg- 
est telescope at that time — on 
Palomar Mountain, 61 miles 
east of San Diego, California. 
Later that year, Porter received 
a telegram from Hale, asking 
him to come to California “to 
assist in designing the 200-inch 
telescope.” Porter did not hesi- 
tate to accept. 

Porter expected his involvement 
would be brief, but it soon became clear 
that the move to California was perma- 
nent. He relinquished his club presidency 
but still managed to attend many 
Stellafane conventions. During a club 
meeting in 1929, Porter revealed plans to 
build a telescope on a massive rock on 
Breezy Hill, just north of the clubhouse. 
The ingenious design called for a new 
observatory building surrounding the 
scope to double as a shelter and telescope 
mount. A circular opening in the north 
wall, sloped to match the property’s 
grade, would be capped with a rotating 
turretlike dome that would serve as the 
telescope’s right ascension axis and view- 
ing portal. Incoming light would reflect 
off a rotatable diagonal mirror to the 
instrument’s primary mirror, which 
would direct it back through a hole in 
the diagonal and into the eyepiece inside 
the observatory. The partially con- 
structed turret telescope was one of the 
chief attractions at the fifth annual con- 
vention and by the sixth in 1931, the 
Porter Turret Telescope was complete. 

World War II forced the suspension of 
the Stellafane conventions from 1942 to 
1945. The first postwar Stellafane in 1946 
drew over 350 people, the largest crowd 
at the time. 

Porter’s failing health kept him from 
the 1948 convention, but he sent a letter 
that was read at the event’s Twilight 
Talks. “You may be sure that I regret not 
being with you tonight, but the stress of 
other work has made it impossible,” 
Porter wrote. “But I am very much with 
you in spirit.” 


On Feb. 22, 1949, while working 
Porter suffered a major heart attack. 
Around 11:30 that night, he experienced 
a second, fatal heart attack. He was 77 
years old. 

Among the many honors and awards 
bestowed on Porter, the most unique was 
the posthumous renaming of a lunar cra- 
ter in his honor. Today, Porter Crater is 
located in the southern portion of the 
Moon, inside Clavius Crater. 


The modern era 

Porter's death left a huge void, but the 
Stellafane conventions eventually recov- 
ered. His spirit lives on to this day in 
every telescope and other equipment 
displayed each year. Most of the instru- 
ments at Stellafane are Newtonians, 
though other types of telescopes are also 
present. Occasionally, a telescope dis- 
played on Breezy Hill features a break- 
through in design. 

One such instrument was John 
Gregory's 5-inch Maksutov at the 1956 
convention. Gregory, an optical designer 
from Stamford, Connecticut, modified 
the shape of the corréctor plate so that an 
aluminized spot at its center served as 
the secondary mirror, rather than requir- 
ing a separate mirror. Today, most com- 
mercial Maksutovs use his innovative 
design. 

My first year at Stellafane, 1969, fea- 
tured a solar observatory assembled on 
Breezy Hill by Walter Scott Houston. 
Inside the small plywood building, an 


ABOVE: The 1936 Stellafane Convention attendees 
examine a large mounted telescope. steLLaFANe ARCHIVES 


TOP RIGHT: Doug Arion presented a motorized 
bowling ball mount at the 2022 convention. 
PHIL HARRINGTON 


RIGHT: A 12-inch ball-mount telescope sits on 
display at the 1972 convention, with its creator 
Norman James standing nearby. richarp sano 


18-inch-diameter (45.7 centimeters) 
image of the Sun appeared on a rear 
projection screen. 

During all those gatherings, I have 
seen some incredible instruments. Some 
have been works of art, like the 12.5-inch 
ball-mount reflector by Norman James 
in 1972, the monstrous 22-inch reflector 
by Steve Dodson in 1981, the even larger 
32-inch reflector by John Vogt in 1998, 
and a stunning pair of 6-inch Alvan 
Clark reproduction refractors by Allen 
Hall and Dick Parker in 2016. Then, 
there are the great telescopes made by 
first timers and juniors, like the award- 
winning 4.5-inch reflector last year, 
made by teenage sisters A.K. and Sydney 
Burke. 

Today’s conventions offer something 
for everyone, including mirror grinding 
demonstrations, “Observing Olympics,” 
and a range of talks for all levels of 
attendees. But what is it about this place 
that makes so many people return there 
every year? Is it the excitement of seeing 
some of the most exquisitely fashioned 
amateur-made telescopes ever created? 
Perhaps it’s the sense of walking in 
the shadows of giants, like Porter and 
Ingalls. Maybe it’s the swap tables, where 


bargains in telescopes, optics, and more 
can be found. It could be the prospect of 
observing under some of the clearest 
skies all year. Or is it the camaraderie 
that one feels as the ever-growing 
Stellafane family returns for a huge 
annual reunion? 


It’s all this and more. Stellafane is not 
just a place, it’s a spirit — the same spirit 
that drove a dozen people up to the same 
spot a century ago to erect a monument 
to the heavens. Russell Porter said it best 
in the letter he sent to the 1948 Stellafane 
convention, “There will never be another 
Stellafane.” 


To learn more about Stellafane, both past 
and present, as well as register for this 
year’s convention, visit their website: 
https://stellafane.org. 


* Phil Harrington /s a /ongtime contributor 
to Astronomy and the author of many books. 
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Astronomy s 
expedition to East 
Timor and Indonesia 
was more than just 
an eclipse trip. 

BY MARK ZASTROW 
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in Easf Timor 


MOST TRAVELERS WHO ventured to see the April 20, 2023, hybrid solar 
eclipse headed for Western Australia, where a narrow spit of land jutting into the 
Indian Ocean was grazed by a minute of totality. 

Fewer ventured to East Timor, where the Sun’s shadow passed across the coun- 
try from south to north. But I leapt at the chance: It would be my first time stand- 
ing in the Moon’s full shadow. And visiting one of the world’s youngest countries 
— plus spending the rest of the week in Indonesia — was too intriguing a travel 
opportunity to pass up. 

It took 24 hours in the air across four flights to get from Milwaukee to Jakarta, 
where I rendezvoused with the expedition organized by Eclipse Traveler, 
Astronomy’s official travel partner, and led by Mesut Pehlivan. The morning before 
the eclipse, we flew into East Timor’s capital city of Dili, where we were welcomed 
by our local guides and a group of college-age dancers and drummers in tradi- 
tional Timorese dress. (Music students? I asked. No, tourism majors, they told me.) 


—— 


Our head guide in East Timor was 
Aday Lebre, an energetic man with an 
easy smile and unbridled enthusiasm. 

It was immediately clear that he and his 
crew would be invaluable and knowl- 
edgeable ambassadors. As we drove along 
Dili’s waterfront, Aday delivered a (very) 
brief history of the nation: colonized by 
the Portuguese, occupied by Japan in 
World War II, and then invaded by the 
Indonesian dictator Suharto in 
1975. The invasion marked the 
start of a brutal, genocidal occu- 
pation. After a long resistance, 
the nation won its independence 
in 2002. “Freedom for us is like 
a bounty from God,” said Aday 
— hence the name of his com- 
pany, Bounty Timor Tours. 

In fact, national pride was 
evident all around us: By chance, 
we had arrived on the first day of 
the monthlong campaign season 
for the nation’s parliamentary 
election. As we motored out of 
Dili into the surrounding foot- 
hills, the scenery included mar- 
kets filled with papayas and 
bananas, street dogs, tied-up 
goats, free-roaming cows — and 
convoys of campaigning candi- 
dates, their trucks packed with 
supporters and flying the flag 
of their political party. 


P 


The road less traveled 

That most travelers chose to view this 
eclipse from Down Under was not just due 
to a lack of familiarity with East Timor. 
While Australia’s Cape Range is known 
for its clear skies, data suggested that our 
chances of cloud-free viewing in East 
Timor were perhaps 50-50. To maximize 
our odds, Eclipse Traveler’s planners 

had chosen the southern coast, which 
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appeared to receive less cloud cover. The 
expeditions that shared our flight into 
Dili were headed for the beachside town 
of Com on East Timor’s northern coast, 
a spectacular drive along seaside cliffs 
that reminded me of the Pacific Coast 
Highway. We followed this route for a 
couple of hours too, in our convoy of 
three Toyota 4WDs and a pickup truck. 
We drove past beaches, mangrove forests, 
and fishing villages with outrig- 
ger canoes at anchor. Sprinkles 
of afternoon rain cast rainbows 
over the mountains as sunshine 
burst off the sea. Then, when 
our convoy reached the city of 
Baucau and the Sun was div- 
ing for the horizon, we turned 
south, into the mountainous 
interior of the country and a 
steady drizzle. 

Here, my jet-lagged body 
took a beating as we traversed a 


ABOVE: Solar prominences leap off the 
limb of the Sun and Baily’s beads appear 
as totality arrives in this sequence taken 
from South Lefroy Bay in Western 
Australia. cuirac upreti 


LEFT: Our itinerary took us across the 
Indonesian archipelago (top), including 
Java, Bali, and Timor. Once we were in 
East Timor (bottom), traveling across the 
rugged terrain to Beaco required four- 
wheel drive. astronomy: ROEN KELLY 
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washed-out gravel road. Any hopes of 
sleep were knocked out of my head as the 
bumps slammed it against the window. 
Outside, the darkness was interrupted 
occasionally by boulders, mud piles, and 
the spray of water as we splashed through 
flooded sections of road. Our drivers 
navigated around sinkholes that revealed 
half-buried pipes — presumably meant 
to drain some of the water we were 
splashing through — and crept across 
narrow bridges with 30-foot (9 meters) 
drop-offs on either side. 

At one point, our convoy came to a 
halt when the headlights on the truck 
behind us went out. With no fix coming, 
Aday spent the rest of the drive with his 
legs dangling out the back of our vehicle, 
pointing a flashlight past his feet to light 


, . 
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Eclipse seguence 


the road for the truck behind us. It was 
around 11 p.m. when we arrived at our 
guesthouse in the town of Viqueque 
(population: roughly 7,000). After a quick 
bucket shower (the running water was off 
for the night), I was fast asleep. 

The eclipse’s first contact would occur 
at 11:44 a.m. local time, with totality 
beginning at our site one second before 
1:19 p.m. It would last for 75 seconds, just 
one second shy of the eclipse’s maximum 
duration. We set out around 8:30 a.m. for 
the 45-minute drive to the beach at the 
town of Beaco. Now we could see the 
landscape we were driving through — 
muddy cliffs, swift rivers, and villages 
where the entire population would smile 
and wave and the kids would shout 
“Hello!” as we rolled through. 


Tm 2 : 


The locals would have their own 
unique response to this eclipse, Aday told 
us. “Many Timorese believe that if dark 
is coming, then it’s the end of the world,” 
he said. “You may hear some noise, like 
beating on pots and pans. They want to 
say, ‘God, we're still alivel!’” 


When we arrived at Beaco, the skies 
were clear, waves were lapping at the 
shores, and hundreds of people — nearly 
all locals — had gathered. Government 
officials were there, too, working the 
crowd, including Minister of Tourism, 
Trade and Industry José Lucas do Carmo 
da Silva (a marine biologist by training). 

Underneath large tents next to the 
ruins of a colonial-era Portuguese cus- 
toms office, the government had catered 
an enormous spread of Timorese food for 
everyone on the beach. It was an intro- 
duction to eclipse chasing that will prob- 
ably spoil me forever — munching on a 
plate of fresh seafood and meat skewers 
and sipping water from a coconut. 


And then the show began. 

It was a warm day and half an hour 
before totality, you could feel the drop in 
insolation on your skin. Shadows took 
on extra sharpness and intensity, and 
10 minutes out, the crowd began to buzz 
as the world grew visibly dimmer. With 


two minutes to go, we could see the 
faint cone of shadow on the horizon, 
approaching over the sea from the 
southeast. 

Sixty seconds out, a swell of cheers 
and gasps arose from the crowd as the 
remaining sliver of Sun began disappear- 
ing from its tips. Just as the Sun was 
about to wink out of view, a brilliant 
string of Baily’s beads appeared. 


And then, totality — and goosebumps. 


Our view of the corona materialized 
almost immediately, though it took me a 
few seconds to process what I was seeing: 
The active Sun looked almost like a car- 
toon drawing of a star, bedecked with 
seven or eight points in the form of coro- 
nal streamers. I could see multiple prom- 
inences with the naked eye, including a 
particularly impressive one on the Sun’s 
lower left limb. Jupiter had also appeared 
in the darkness, roughly 6° away. 

For the next minute we buzzed in a 


state of collective ecstasy, with a constant 
roar of shouting and cheering. In the 
darkness, another constellation of lights 


emerged around me — the screens of 
smartphones aimed at the sky. Out at 
sea was the faint glow of twilight. 

Upon third contact, when totality 
came to an end, a brilliant diamond ring 
appeared. As the Sun returned, the 
crowd roared even louder than it had 
during totality. I realized that I hadn't 
heard any beating on pots and pans — 
just expressions of joy, awe, and the feel- 
ing of sharing in witnessing something 
so much greater than any of us. 

In the strengthening light, I saw Aday 
and his guides jumping around and 
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spraying champagne across the beach 
like race-car drivers celebrating a victory. 
No wonder: For Aday and our partners 
at Eclipse Traveler, the moment was the 
culmination of years of planning. Those 
of us on the beach were lucky. 
Unfortunately, not everyone who had 
the chance to experience the eclipse in 
East Timor did. We later heard that the 
scene was very different in Dili, just out- 
side the path of totality. There, the eclipse 
was just shy of total, at 98 percent — far 
from the full experience, of course, but 
still one to savor. But as the Moon covered 
the Sun and the midday twilight fell, the 
streets emptied and people stayed inside. 
Numerous people told me that misin- 
formation on social media had convinced 
many that the eclipse was a dangerous 
event and to avoid exposure at all costs. 
Of course, even a 98-percent-eclipsed 
Sun requires proper eye protection or 
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projection techniques to view safely, so 
perhaps genuine warnings had been 
exaggerated. But the result was that many 
people were robbed of the chance to see 
what could have been the celestial experi- 
ence of their lifetime. It was a reminder 
of the importance of accurate science 
communication, and that not everyone 
has access to it. 


More than an eclipse trip 
The two days after the eclipse were full 
of excursions — including to the statue 
of Christ overlooking Dili’s seaside, a 
colonial-era Portuguese fort and prison, 
a plantation growing coffee (one of East 
Timor’s few exports besides offshore oil), 
and a memorial to the Timorese criados 
— children who volunteered as guides 


ABOVE, LEFT TO RIGHT: The terraced rice paddies of 
Bali are irrigated by a system of water management 
called subak, in which springs flow from water 
temples into a network of canals managed by 
collectives of farmers. The system dates to the ninth 
century and combines religious rituals with 
sustainable agricultural practices. 


In the traditional Balinese keris dance, an evil witch 
curses a group of soldiers and orders them to stab 
themselves. But the mythical lion Barong, the king of 
the spirits, protects the soldiers with white magic, 
making them invulnerable to sharp objects. 


Borobudur, near Yogyakarta, is the largest Buddhist 
temple in the world. 


The cargo fleet of century-old wooden pinisi ships in 
Sunda Kelapa, the old port of Jakarta, is a reminder of 
the rich legacy of seafaring and celestial navigation 
in the Indo-Pacific region. 


The Indonesian flag flies over Fatahillah Square in the 
Old Town of Jakarta, as seen from the old colonial 
Dutch city hall (now a museum). 


BELOW PANORAMA: The stratovolcano Mount Batur 
towers over a caldera with a lake on Bali. The lava 
flows from a 1963 eruption are visible on its slopes. 


LEFT: Aday Lebre was our lead guide on the ground 
in East Timor. 


FAR LEFT: On the return drive to Dili, we could take in 
the spectacular landscapes we had been unable to 
see the night before. 


and served as companions and protec- 
tors alongside the Australian special 
forces who waged a yearlong guerilla 
campaign against the Japanese in World 
War II. 


Perhaps the most moving visit was to 
the Santa Cruz cemetery in Dili, where 
Indonesian forces massacred over 250 
unarmed pro-independence protestors 
on Nov. 12, 1991. The event shocked the 
world and marked a turning point in the 
nation’s struggle for independence. It 
was clear from Aday and our guides how 
proud East Timorese are to have a politi- 
cal status that reflects who they are as a 
people, and to have obtained — at high 
cost — their right to self-determination. 

The trip was far from over. Still ahead 
were five days of exploring Indonesia. 
We flew to Bali, where we rode motor- 
bikes to a Hindu temple on the rim of a 
caldera, across from the stratovolcano 
Mount Batur. We hopped over to 
Yogyakarta, where we visited two 


UNESCO World Heritage Sites in one 
day: Borobudur, the largest Buddhist 
temple in the world, and Prambanan, 
Indonesia's largest Hindu temple. And 
back in Jakarta, we visited the Dutch 
colonial-era old town, where century-old 
wooden trading ships still make port. 

For many of us fortunate enough to 
travel around the world to chase totality, 
the experience can be fleeting: Parachute 
into a remote locale chosen by the gears 
of celestial motion, stay a week or two, 
and then leave. But the impression it 
leaves can last a lifetime. 

Aday had hoped the eclipse would 
also have a lasting impact for East Timor, 
boosting the country’s nascent tourism 
sector. Toward the end of our time there, 
I asked him if he thought that boost 


would materialize. He doubted it, he said. 


When he had brought it up with the 
tourism ministry, they had dismissed 
him, he said, appearing to have been 
unaware of the eclipse and the attention 
it could attract. By the time they heard 
about it from other 
sources, it was too late to 
build up a larger effort. 


I was sorry to hear it. I could only be 
grateful to Eclipse Traveler and Aday’s 
efforts. For us, the trip had been a chance 
not just to see an eclipse, but to learn 
about the political history of the region 
— the story of human exploration, the 
legacy of colonialism, and the price of 
freedom and self-determination. 

The only thing we hadn’t had much of 
was clear dark skies. Between light pollu- 
tion and the humid tropical nights, I can 
recall only one occasion where we had a 
clear view of the southern sky. It was on 
our drive back to Dili, as we careened 
down the winding roads carved into the 
canyons and cliffsides on the coast. I 
stuck my head out the window, inhaling 
the smell of the sea. I could see the Milky 
Way and Orion high overhead. The Big 
Dipper hung low in the sky above the 
ocean, upside down, pointing to Polaris, 
somewhere over the horizon. # 


Mark Zastrow /s senior editor of 
Astronomy. 


ointing your telescope at 
the Sun should be easy, 
right? It’s the brightest 
object in the sky (by a 
long shot), and it’s huge. 

The problem is that unless you've 
outfitted your telescope with an 
approved solar filter, it’s not safe to 
look through the scope to locate the 
Sun. And trying to find it with a fil- 
ter attached can take a while. To 
compensate, observers have made 
makeshift filters for their finder 
scopes or tried the “minimized 
shadow” technique, where you align 
the scope to make the smallest 
shadow on the ground. 

Recently, however, Sky-Watcher 
USA of Torrance, California, intro- 
duced its SolarQuest mount, which 
they claim is able to find and track 
the Sun with the push of a button. 
Needless to say, I was quite eager 
to test this product. 


Arrival and setup 
Sky-Watcher packs the SolarQuest 
in a single box. In it, I found the tri- 
pod, accessory tray, extension tube, 
mounting head, and the mount itself. 
To attach the accessory tray, rotate it 
until it clicks into place. This nicely 
locks the tripod’s legs, providing 
stability. 

Once everything’s together, which 
takes perhaps five minutes, simply 
slide your telescope into the dovetail 
groove of the saddle and tighten the 
locking knob. At this point, you can 


% 


€ The round device just above the battery 
compartment contains Sky-Watcher’s 
HelioFind technology, which finds the Sun 
and keeps it centered. michael e. BaKICH 


Make Sun-watc 


One-button operation makes this solar-viewing accessory a joy to use. 
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load the required eight AA batteries (not 
included) into their compartment. 

Alternatively, you can connect the 
included external AC adapter. To use it, 
remove the battery compartment cover 
and the battery holder and connect the 
AC adapter’s cover, which has the DC 
power input connector built in. Just 
remember to bring the original cover and 
holder — plus batteries — if you'll be 
using the mount in the field. 

Because the SolarQuest mount is cali- 
brated in the factory to a solar telescope 
manufactured by Sky-Watcher, the tele- 
scope you connect to it might not imme- 
diately attain optimum alignment and 
tracking. To fix this, the company built 
in a way to correct the auto-pointing 
offset. After fine-tuning the pointing 
to center the Sun in the eyepiece, just 
double-click the power button and the 
correction for your specific scope will 
be saved. 


How it works 

When you press “Power,” the SolarQuest 
first levels the scope. It then acquires a 
GPS signal to determine its location and 
the time. Next, the mount points the 


BY MICHAEL E. BAKICH 


PRODUCT INFORMATION 


Sky-Watcher SolarQuest 
Type: Motorized alt-azimuth mount 
Operation: Automatic alignment and 
tracking 
Weight: 9 pounds (4 kg) 
Height: 39.8 to 51.8 inches (101 to 132 cm) 
Payload: 11 pounds (5 kg) 
Power: Eight AA batteries or AC adapter 
Price: $530 
Contact: Sky-Watcher USA 
2835 Columbia Street 
Torrance, CA 90503 
855.327.1587 x306 


scope to the Sun’s altitude and begins 
slewing clockwise in azimuth to find its 
target. It homes in on our daytime star 
with a technology Sky-Watcher calls 
HelioFind. 

So, how did it do? After assembling 
the SolarQuest, I took it outside and 
mounted a small refractor with a visual 
solar filter on it. I plugged the SolarQuest 
in, pressed “Power,” and after about a 
minute spent acquiring the GPS signal, 
the mount began to move. When it 
stopped, I looked through the eyepiece 
and the Sun was just to the left of the 
center of the field of view. 

After centering the Sun using the 
eight-way slide switch, and correcting the 
auto-pointing offset by pressing the 
“Power” button twice, I noted the time 


€& The mount is the heart of the SolarQuest. It sits 
atop the tripod and carries the telescope. 


> Sky-Watcher's SolarQuest is a dedicated solar 
observing unit. Just add a telescope — and a filter 
that meets the ISO 12312-2 specification. 


— 9:30 a.M. One hour later, I took 
another look through the scope. The Sun 
was dead center. I had a few projects to 
do during the day, so I didn’t check again 
until 3:30 p.m. To my utter surprise and 
delight, the Sun was still centered. 

The SolarQuest is one of the coolest 
products I’ve ever tested because you 
simply plop it down and press one button 
to find the Sun. Sky-Watcher’s technol- 
ogy will make daytime solar observing 
for groups a lot easier. Now the observer 
conducting the session won't have to 
realign the Sun manually after each per- 
son views it. And if you're hosting a party 
at your home, you can leave your solar 
scope unattended and let visitors look 
through it whenever they want. I give it 
a 10 out of 10.4 


Michael E. Bakich /s a contributing editor 


of Astronomy who has been a dedicated 
solar observer most of his life. 


HELIOFIND 


SECRET SKY 


Express yourself 


Science and art are not as different as they might seem. 


ABOVE: By combining 
Milky Way shots with 
terrestrial Guatemalan 
landscapes (in this 
instance, Mayan 
temples in Tikal), 
astrophotographer 
Sergio Montufar 
demonstrates the 

ill effects of light 
pollution on 
Guatemala's 
astronomical 
heritage. sercio MonTUFAR, 
2022. PANAT-IDAEH-DGPCYN-MCD. 


For many, the night sky is a personal wonder 

— a journey that starts by looking up, and 

ends by looking in. “You are a child of the 
universe,” the poem Desiderata tells us, “no less than 
the trees and the stars.” We don't need a 
telescope to feel the pull of the stars on our 
souls. A simple glance at a truly dark sky 
brings the cold truth of science — the visible 
naked-eye universe — down to you ata per- 
sonal level. You fee! something when you see 
it, if only for an instant. 

This melding of science and art was at the 
forefront of the Romantic thinkers. “What 
sort of science is that which enriches the 
understanding, but robs the imagination?” 
asked Henry David Thoreau in his Journal. 

Recently I attended a Zoom talk by U.K. astronomer 
Andy Newsam, a professor of astronomy education and 
engagement at Liverpool John Moore University. 


art to explore challenging concepts with unsuspecting 
audiences. In media including music, dance, theater, 
and sculpture, he has tackled scientific topics ranging 
from gravity and the nature of dark matter to the phys- 
ics of breakfast. “People think about art and science 
being totally different things,” Newsam said, “but I 
have found working with artists that we really have a 
lot in common, and there is much we can learn from 
each other.” 

Composite astrophotography is one of the most 
popular ways amateur astronomers experi- 
ment with science and art. For example, 
Guatemalan astrophotographer Sergio 
Montufar photographs the Milky Way and 
combines it with landscapes of national 
monuments in Guatemala, such as Mayan 
temples, to instill a sense of ancient wonder. 
Guatemala’s Ministry of Foreign Affairs has 
recognized his work and organized some of 
his exhibitions, which have traveled to sev- 
eral countries. He has been declared part of 
the Cultural Ambassador of Guatemala program and 
promotes the concept of “how lucky we are to have 
evolved consciousness, to understand where we are and 
what surrounds us.” 


Newsam shared how he takes forays into the world of In January 2009, Jennifer Wu of Nevada City, 
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California, was selected to be a member of Canon 
U.S.A.’s Explorers of Light program — an elite group of 
internationally recognized visual artists across all 
genres of photography. Her images, which combine the 
stars with some of the world’s most unique locations, 
skirt the boundary between astronomy and 
imagination. 

“I love expressing my creativity by reaching for the 
stars and capturing them in my photographic images,” 
Wusays. “One of my favorite things about being a cre- 
ator is the freedom to explore nature. I love photograph- 
ing the night sky in particular because no moment is 
the same. Whether it’s a Full Moon, a comet passing by, 
or just the Milky Way shining through the trees, there’s 
so much beauty to be captured, and figuring out the 
best way to do it justice is a creative challenge I’ve always 
enjoyed.” 

Julian Samuel, a member of the Royal Astronomical 
Society of Canada, Toronto Centre, expresses himself 
with abstract, expressionist methods. Samuel depicts 
forms of astronomical reality with unstructured aban- 
don, reminiscent of Jackson Pollock or Franz Kline. He 
emphasizes a personal or emotional feeling through the 
free, spontaneous expression of what he sees when look- 
ing at astroimages or peering through a telescope. 

“Nineteenth-century photography played a key role 
in liberating painting from realism to abstraction,” 
Samuel says. “I am using astrophotography and science 
to make nearly abstract paintings — reversing the link 
between photography and painting.” 


Jennifer Wu, a member of Canon's Explorers of Light program, 
challenges herself to do nature justice by creating unique images 
that combine natural landscapes with the night sky. Jennirer wu 


So before you put your eye to the telescope, take a 
moment to took up at the stars and see how they shine 
for you. As always, express yourself by writing to me at 
sjomeara31@gmail.com.# 


BROWSE THE “SECRET SKY" ARCHIVE AT 
www.Astronomy.com/OMeara 


Canadian artist and 
amateur astronomer 
Julian Samuel 
expresses what he 
sees through 
telescopes or in 
astrophotos. These oil 
paintings are about 
40 by 60 inches 

(100 by 150 cm) or 
smaller. They depict 
(counterclockwise 
from upper left) open 
cluster M11 in Scutum, 
globular cluster M13 in 
Hercules, and solar 
prominences. juuan 


SAMUEL 


BY STEPHEN 
JAMES O’MEARA 
Stephen is a globe- 
trotting observer who 
is always looking 

for the next great 
celestial event. 
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OBSERVING BASICS 


Sailing with 


Saturn 


The author captured 
this image of the 
ringed planet June 8, 
2017, through a 
Celestron 8-inch 
Schmidt-Cassegrain 
telescope. moLty wakELING 


BY MOLLY WAKELING 
Molly is an avid 
astrophotographer 
active in STEM 
outreach. She is 
pursuing her Ph.D. in 
nuclear engineering. 


Take a tour of the ringed planet 
at the best time to view it. 


For many observers, their first view of Saturn 
is one they will never forget. The sixth planet is 
responsible for recruiting many people to both 
amateur and professional astronomy with its majestic 
rings, bright colors, and tantalizing detail on display in 
the eyepiece. Here are some features to look for to get the 
most out of observing Saturn during this apparition. 


Rings 
Saturn’s most prominent and popular feature is its 
massive rings. You can see them with as little as 25x 
magnification — a pair of handheld binoculars will 
do. Rather than one continuous band, the rings are 
divided into sections with space between, 
which you can sometimes see on nights with 


occurs due to the ring particles’ shadows “hiding” behind 
themselves. This causes the rings to appear much 
brighter than the planet’s surface for a few days before 
and after opposition. Opposition occurs Aug. 27, 2023; 
it next occurs Sept. 8, 2024. 

The ringed behemoth has an axial tilt of 26.7°, meaning 
that, like Earth, Saturn experiences seasons. As it swings 
around its 29.4-Earth-year orbit, our view of Saturn 
changes from looking more toward its north pole to more 
toward its south pole. Its last maximum tilt away from us 
took place in March 2003, followed by maximum tilt 
toward us in 2016. In March 2025, the rings will appear 
edge-on for observers, and in 2033, it will reach maximum 
tilt away from us once again. Watch how the appearance 
of Saturn's rings changes over the coming years as a result. 


Surface features 

While not as bright and apparent as Jupiter’s cloud 
bands, Saturn also sports belts of varying brightness 
and color. Occasionally light and dark spots appear, 
making Saturn’s 10-hour-and-14-minute rotation more 
obvious (10 hours 38 minutes at the slower-moving 
high latitudes). Rarely, a large storm will erupt, caused 
by an upwelling of warmer gas that can be thousands 
of miles wide. Revisit Saturn often to spot changes over 
time, and try out some color filters to discern features. 


Moons 

Despite Saturn’s great distance, several of its 100-plus 
moons are visible under the telescope’s gaze. The easi- 
est to spot is hazy and mysterious Titan, the second- 
largest moon in the solar system, larger even than 
Mercury and the dwarf planets. Reaching as bright as 
magnitude 8.4, it is visible in binoculars and easy to 
spy in a telescope. The upcoming NASA 
Dragonfly mission will explore the methane 


a steady atmosphere. The most prominent Saturn is lakes and cryovolcanoes of this frigid world. 
gap is the 3,000-mile-wide (4,800 kilometers) You can sweep up Rhea with a 3-inch 
Cassini Division between the two most obvi- a popu lar refractor as it orbits Saturn once every 4.5 days. 
ous rings, A and B. With larger apertures (at target fora On dark nights, you can also catch Saturn- 
least 6 or 8 inches) and good seeing condi- reason. hugging Dione and Tethys in as little as a 


tions, the narrower Encke Gap reveals itself 
near the outer edge of the A ring. 

The rings themselves, while broad, are very thin — 
ranging froma mere 33 feet (10 meters) to 0.6 mile (1 km) 
in width — and consist primarily of chunks of water ice 
spanning a range of sizes from meters to smaller than the 
width of a human hair. Saturn has a distinctly three- 
dimensional look to it, in part from limb darkening on 
the edges of the sphere, as well as from the shadow it casts 
on its rings. I have heard many people remark on how 
much it looks like I hung a picture in front of my 8-inch 
Schmidt-Cassegrain at outreach events! At opposition, 
when Saturn is directly opposite the Sun from Earth, a 
special brightening effect known as the Seeliger effect 


3-inch aperture, glowing at magnitudes 10.4 
and 10.3 with 2.7-day and 1.9-day orbits, 
respectively. With a 6-inch aperture or larger, three more 
moons may reveal themselves: Enceladus; Iapetus; and 
under dark skies and excellent conditions, magnitude 
12.9 Mimas, which I personally have yet to spot. You can 
decipher which is which using a planetarium app on your 
smartphone or computer. 

Saturn is a popular target for a reason — its beauty and 
fascinating features make it worth returning to again and 
again. ® 


(Ay 


BROWSE THE “OBSERVING BASICS” ARCHIVE AT 
www.Astronomy.com/author/molly-wakeling 
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NEW FROM ASTRONOMY MAGAZINE 


6.VENUS 
GLOBE 


This stunning 6” desktop globe features strik- 
ing colors and rich details you can’t see even 
with a telescope. 


e 184 planetary features, including 10 landing sites. 


e Images from the Magellan Venus Radar Mapper. 


¢ Bonus - Detailed information guide with fun facts 
about Venus and this globe. 


Order your exclusive, limited-edition globe at 


MY SCIENCE SHOP MyScienceShop.com/6Venus 


Sales tax and retail delivery fee where applicable P41459 
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BINOCULAR UNIVERSE 


Searching for the 
Cygni 100 


The Swan offers a wealth of double and multiple stars. 


Eye these beautiful 
double stars in 
Cygnus. astronomy: 
ROEN KELLY 


BY PHIL 
HARRINGTON 

Phil received the 
Walter Scott Houston 
Award at Stellafane 
2018 for his lifelong 
work promoting and 
teaching astronomy. 


e . zs ss B 
. 2 
, Albireo® 


> In his 1948 book, The Stars in Our Heaven, 
Peter Lum wrote: “The Swan of Heaven is a 
long-necked bird in full flight down the Milky 
Way. He is ... by far the most magnificent of the feath- 
ered creatures of the star world. There is no other con- 


stellation that has such a feeling of outstretched 
wings, no other which so successfully suggests 


www.cloudynights.com, Miles created a thread called 
“Adventures With Binocular Double Stars.” He posted 
that he had drawn up a list of 100 double and multiple 
stars within Cygnus that are visible through binocu- 
lars, calling it the “Cygni 100 Challenge.” All are 
within reach of 20x80 binoculars, and many are visible 
in far smaller models. 

Here are some of my favorites. 

Albireo (Beta [6] Cygni) is always on everyone’s list. 
The 5th-magnitude azure secondary is separated from 
the 3rd-magnitude golden primary by 35". That’s wide 
enough to resolve through 10x binoculars, although brac- 
ing the instrument against a tree or fencepost may be 
required. Defocusing the view slightly also helps accentu- 
ate the colors. 

A tighter pair is 61 Cygni, famously nicknamed Piazzi’s 
Flying Star. It lies 9° east of Sadr (Gamma [y] Cygni). The 
system’s 5th-magnitude primary is accompanied by a 
6th-magnitude companion to the southeast. These orange 
K-type dwarfs are separated by 31", which is very close, 
but doable at 10x. My 16x70s resolve them nicely. 

Italian astronomer Giovanni Piazzi bestowed the 
“Flying Star” nickname in 1792. He noticed that the pair’s 
position had shifted against the surrounding star field 
when compared to earlier observations by British 
astronomer James Bradley in 1753. We now recognize 
that 61 Cyg has one of the highest proper motions of any 
star in the sky. 

Lastly, there is 79 Cygni, about a binocular field east of 
61 Cyg. Viewing through his 70mm binocular telescope 
at 19.5x, Miles describes the pair as “a bright white pri- 
mary with a lemon-yellow secondary, gener- 
ously spaced” by 150". That makes them easy 


the movement of flying.” The Swan targets for 6x and 7x binoculars. But wait, 

Cygnus, to which Lum refers, is indeed a of Heaven there’s more. The carbon star RV Cygni, which 
magnificent constellation. One of my favorite : Miles calls “fantastically red,” lies just to their 
things to do on late summer evenings is to sit Isa long- south. RV Cyg only shines at 11th magnitude, 


back in a chaise lounge and scan its features 
with binoculars as it soars across the sky. It has 


necked bird 
in full flight 


however, so seeing the color contrast may 
require 50mm or larger binoculars. 


so much to offer. down the After you've begun your personal explora- 
A few years ago, the Swan’s wide array of Milky W tion of the Swan with three of my favorite 
double and multiple stars captured the atten- ky Way. double stars, next expand your viewing to a 


tion of Kansas amateur astronomer Fiske Miles. 
Ina letter he expressed that like me, he believes 
that “binoculars are often thought of as supplements to 
telescopic observing, good as a finding aid or for quick 
views, but if one delves deep with a binocular, an amazing 
amount can be seen. Honestly, there’s enough to keep an 
observer occupied for a lifetime.” 

Miles enjoys viewing double stars through his collec- 
tion of binoculars. “For observers who view most fre- 
quently from light polluted locations,” he writes, “double 
stars are fantastic objects. Thousands can be seen.” 

To share his enthusiasm with the community of 
like-minded amateurs in the Binocular forum on 


related list on the Cloudynights forum by 
Miles called the Cygni Sweet 16, considered 
the best of the flock. 

And once you view these, why not take a deep dive into 
the full list? You can download the entire Cygni 100 file 
for yourself by going to bit.ly/cygnil00. 

I would enjoy hearing of your success with the Cygni 
100. Contact me through my website, philharrington.net. 
Until next month, remember that two eyes are better than 
one. ® 


(i BROWSE THE “BINOCULAR UNIVERSE” ARCHIVE AT 
a www.Astronomy.com/Harrington 
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Attention, 
manufacturers: 

To submit a product 
for this page, 

email products@ 
astronomy.com. 


NEW PRODUCTS 


In existence 


University of Arizona Press 
Tucson, AZ 


Alone But Not Lonely: Exploring 
for Extraterrestrial Life by Louis 
Friedman offers an in-depth look 
at the history of the search for 
intelligent extraterrestrial life, 
including the scientific evidence 
found by scientists so far. In 162 
pages, Friedman — a co-founder 
of the Planetary Society — also 
discusses cutting-edge research, 
such as techniques using our 
Sun as a gravitational lens to 
potentially detect signs of life 

on exoplanets. His insight will 
leave you wondering, “What else 
is out there?” 


$24.95 paperback and ebook 
800.621.2736 
https://uapress.arizona.edu 


INTEREST 


2024 Texas 
Solar Eclipse Tour 


Enjoy an exclusive solar eclipse experience 


ata 


with Astronomer 


Bob Berman 


April 4-10, 2024 


For more information, contact us at 


845-202-3327 —- or visit 
www.SpeciallnterestTours.com 


Bob Berman 


Short but fast 


Tele Vue Optics 
Chester, NY 


Looking for a wide-angle viewing 
experience with your Tele Vue 

NP scope? The NPR-2073 0.8x 
Reducer is for you. This reducer 
will shorten the focal length of 
the Tele Vue NP127is and NP1O0lis 
telescopes by 20 percent, but 
improve their 
speed and 
increase their 
field of view 
by 25 percent. 
It is also 
threaded to 
incorporate any 
adapters or spacers 
from the company. 


$495.00 
845.469.4551 
https://televue.com 


Widen out 


Planewave Instruments 
Adrian, MI 


The DeltaRho 500 Optical Tube 
Assembly is an upgrade for the 
advanced astroimager. This scope 
features a 20-inch aperture and a 
1,537mm focal length. This scope is 
easy and fast to collimate, thanks to 

a fixed primary mirror and adjustable 
secondary mirror. The DeltaRho 500’s 
real strength is its ultrawide, flat 

field for imaging. And to help combat 
moisture, the scope is equipped with 
a primary and secondary dew heater. 


$55,000.00 
310.639.1662 
https://planewave.com 


Black Hole in the Center of 
a Spiral Galaxy 


_- \ 
on 


DanieL R. SpirER 


1780 Massachusetts Avenue 
Cambridge, MA 02140 
www.spirerjewelers.com 
617-234-4392 


Journey to Alask 
to explore th 
Denali Natio: 


and ir 


Join us for the adventure of a lifetime! 


845.202.3327 * INFO@SPECIALINTERESTTOURS.COM * WWW.SPECIALINTERESTTOURS.COM 
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ASK ASTRO 


ABOVE: At right, the 
EHT image of Sgr A* 
shows several distinct 
bright spots in the 
ring of hot plasma 
around the black hole. 
On the left is the EHT 
image of M87*, a 
larger black hole with 
a smoother swirl of 
plasma around it. 

EHT COLLABORATION 


RIGHT: Our Moon's 
largest impact basin, 
the South Pole-Aitken 
Basin (circled), may 
have been created by 
a collision with an 
object more than 

100 miles (160 km) 
wide. NASA/GSFC/ARIZONA 
STATE UNIVERSITY 
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In the ring 


A | Although we're confident about the size and 

width of the ring, we think the bright spots 
could just be artifacts of our very difficult image- 
reconstruction techniques, combined with challenges 
in imaging the source. 

The main problem is that the plasma around 
Sagittarius A* (abbreviated Sgr A*) moves around very 
quickly while we try to take its image. We 
do expect some blobs due to random 
fluctuations in the turbulent accre- 
tion flow of the plasma around 
the black hole, but we’re not 
quite sure that’s what we see 
in the image. 

The other black hole 
imaged by the Event 
Horizon Telescope 
(EHT), M87*, evolves on 
much longer timescales 
and is easier to image. 
We're confident that the 
brightness asymmetry in 
that image is due to a phe- 
nomenon called Doppler 


beaming, whereby 
material moving 
toward us near the 
speed of light becomes 
brighter. Combined 
with a known large- 
scale jet direction, this 
allowed us to figure 
out which way M87* is 
rotating: clockwise 
from our point of 
view. 

Ongoing improve- 
ments to the EHT will 
allow us to be more 
confident in these 
kinds of detailed fea- 
tures in our images of 
Sgr A*. We're adding 
new stations around the world, upgrading the technol- 
ogy at existing sites, and working on our imaging 


algorithms. Stay tuned! 
Angelo Ricarte 
Postdoctoral Fellow, Institute for Theory and Computation, 
Harvard-Smithsonian Center for Astrophysics, 
Cambridge, Massachusetts 


A Asteroids pummeling the lunar surface is an 
ongoing process. Geologists listened to the 
thumping of impacts with seismometers placed on the 
Moon during the Apollo missions, and astronomers 
continue to record collisional impact flashes 
with Earth-based telescopes. 
Most impacts are small, but as 
recently as 2013, an intense 
flash of light led geologists to 
a freshly excavated 62-foot- 
diameter (19 meters) 
crater in Mare Imbrium. 
When larger asteroids 
produce craters with 
diameters of a few hun- 
dred meters, rock is 
catapulted into space at 
escape velocity. Some of 
that debris collides with 
Earth, usually within a 
million years, blazing trails 


of ionized gas through the atmosphere before falling to 
the ground relatively harmlessly, like other meteorites. 
Researchers have recovered several hundred of these 
lunar meteorites and traced them to over a hundred 
different asteroid impacts that threw out rock from the 
Moon in the recent past. 

Deeper in geologic time, an intense epoch of asteroid 
bombardment produced impact basins on the Moon 
with diameters larger than 185 miles (300 kilometers). 
During that 4-billion-year-old epoch, the Moon was 
about three times closer to Earth and three times larger 
in the sky. Each basin-size impact engulfed the Moon 
with rocky debris and a fiery plume of melt and vapor. A 
substantial fraction of that debris escaped the Moon and 
struck Earth within 100,000 years of impact, filling the 
sky with countless meteors. The largest of these frag- 
ments survived atmospheric deceleration and cratered 
Earth’s surface, potentially perturbing nascent microbial 
communities. 

But these impact events were dwarfed in number and 
size by the asteroids that took aim at Earth directly. 
Asteroid bombardment and how it shaped the 
Earth-Moon system is a key scientific target of Artemis 
exploration. Astronauts will soon be walking across an 
impact-cratered landscape, collecting clues about those 


collisional processes. So stay tuned for new revelations. 
David A. Kring 


Principal Scientist, Lunar and Planetary Institute, 
Houston, Texas 


A | I suspect your question arises from seeing 
diagrams like the one at upper right, which 


attempts to show how general relativity results in the 
curvature of space-time around massive objects. At the 
top left, it is easy to see how any massive object (i-e., a 
star) distorts the fabric of space-time (represented by 
the grid) but clearly has a “bottom” and doesn’t break 
through the grid. At the lower right, the black hole looks 
like a funnel with no bottom, as mathematically, black 
holes are points with mass but no volume; this means 
they have infinite density and so space-time there has 
infinite curvature. 

But there’s a key problem with this picture. The best 
explanation I’ve found comes from one of my favorite 
textbooks, Exploring Black Holes: Introduction to General 
Relativity by Edwin F. Taylor and John Archibald 
Wheeler (Addison Wesley Longman, Inc., 2000). In it, 
the authors explain that such figures, called embedding 


Space-time 


Gravity warps space-time 


WARPING SPACE-TIME 


diagrams, are meant to represent the complex geometry 
of curved space within the limited three-dimensional 
Euclidian perspective printed on the page. “But flat 
Euclidian geometry is not curved space geometry,” they 
write. “Therefore we expect embedding diagrams to 
misrepresent curved space in some ways. They lie!” 

How do they lie? With regard to your question, the 
vertical aspect of the diagrams is nota real dimension of 
space-time. The concept of depth has been artificially 
added to the diagram to help the reader visualize how 
gravity affects space-time. Space-time is not a flat, two- 
dimensional grid; we just need to draw it that way on the 
page. Soa black hole is not really a funnel-shaped object 
sitting out in space and sucking down matter in only one 
direction. 

In addition to being an artificial representation, the 
embedding diagram also attempts to show what is hap- 
pening inside the black hole’s event horizon, the point of 
no return. Real black holes are surrounded bya spherical 
event horizon, inside of which gravity becomes the domi- 
nating force and weird things happen, causing our laws 
of physics to break down. But outside the event horizon, 
the universe acts pretty normally. So, you can picture a 
black hole from afar as a sphere (for example, as seen in 
the movie Interstellar). And your spaceship can indeed 
fly under, over, or around a black hole any which way it 


chooses — as long as it doesn’t come too close! 
Alison Klesman 
Senior Editor 


Black hole 


‘> — Event horizon 


— Singularity 


Einstein's theory of 
general relativity 
describes how mass 
warps space-time, 
drawn here asa 

grid. Although the 
illustration appears 
to show a black hole 
like a funnel with 

no bottom, this is 
misleading — it is 
simply a limitation of 
the way we depict the 
universe on a printed 
page. ASTRONOMY: ROEN KELLY 


SEND US YOUR 
QUESTIONS 


Send your 
astronomy questions 
via email to askastro@ 
astronomy.com, or 
write to Ask Astro, 
P.O. Box 1612, 
Waukesha, WI 53187. 
Be sure to tell us 
your full name and 
where you live. 
Unfortunately, we 
cannot answer all 
questions submitted. 
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READER GALLERY 


Cosmic portraits 


1. SWAN SONG 

W63 (also known as SNR G082.2+05.3) in 
Cygnus is a supernova remnant, the debris of 
an exploded star. This image was taken with a 
4.2-inch scope and over 51 hours of integration 
in Ha/OII/RGB filters. « Team Atlaskies: 
Richard Galli/Yann Sainty/Amaury de Potter/ 
Mehdi Abed/Xavier Strottner/Marcel Drechsler 


2. THE PINWHEEL'S NEW STAR 

The supernova SN 2023ixf was discovered 
May 19 by Japanese astronomer Koichi Itagaki. 
Located just 21 million light-years away in M101 
(the Pinwheel Galaxy), it appears as the bright 
star in the spiral arm on the left side of this 
photograph, with four diffraction spikes. 

Data for this LRGB image was taken the 

nights of May 24-25 with a 10-inch Newtonian 
reflector and 9.6 hours of exposure. 

« Sergey Trudolyubov 


SEND YOUR IMAGES TO: 
readergallery@astronomy.com. 
Please include the date and location of the 
image and complete photo data: telescope, 
camera, filters, and exposures. 
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3. RIVER OF LIGHT 

The Milky Way looms over 

the 100-foot-tall (30 meters) 
Chitrakote Falls on the Indravati 
River in the Indian state of 
Chhattisgarh. The Milky Way 
was shot with twelve 15-second 
frames at ISO 3200 with a lens 
at 24mm and f/2.8. The blue- 
hour foreground exposure was 
20 seconds. - Anupam Naskar 


4. PALE BLUE CRESCENT 
The Crescent Nebula 

(NGC 6888) lies roughly 5,000 
light-years away in Cygnus, 
formed by the wind blowing 
from its central Wolf-Rayet star. 
This HOO image was taken 
with a 4.5-inch refractor and 
5.2 hours of exposure. 

« Chiradeep Chhaya 


5. TTANGONG UP CLOSE 
This ground-based shot of the 
Chinese space station Tiangong 
was taken with a 24-inch scope. 
It reveals the station's core 
module Tianhe, its science 
modules Wentian and Mengtian 
on either side, and multiple 
Shenzhou craft docked to it. 

» Michael Tzukran 


6. GOING, GOING, GONE 
Venus slips out from behind a 
young crescent Moon in this 
sequence of the March 24 lunar 
occultation. The frames were 
taken with a DSLR and zoom 
lens at 300mm, f/6.3, and 

ISO 800 with exposure times 
ranging from 1/10 to 1/125 
second. - Shreya Roy 
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BREAKTHROUGH 


AWASH IN A SEA OF JELLYFISH 


Although you wouldn't expect to see a jellyfish drifting through space, astronomers have discovered a bounty of so-called 
jellyfish galaxies. Like their earthly counterparts, these celestial jellyfish feature long tendrils that seemingly dangle from 
the galaxy’s body. The tentacles form when a galaxy plows through the dense environment permeating many groups and 
clusters. This exerts a pressure that strips away the galaxy’s colder, denser gas while simultaneously compressing the 
material to trigger new star formation. In this Hubble Space Telescope image, the jellyfish galaxy JO204 sports nearly 

a dozen trailing ribbons holding no fewer than 53 star-forming regions. JO204 lies 600 million light-years from Earth in 
the constellation Sextans. esa/HusBte & NASA/M, GULLIEUSZIK AND THE GASP TEAM 
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EXPLORE 


SPACE & BEYOND 


THE ECLIPSE COLLECTION 


Prepare for the April 2024 total solar eclipse with this collection of 7 exclusive items! 
You'll learn about where and when it is happening, how to safely view it, and more. 


¢ SPACE PARTICLES: ECLIPSE EDITION 


¢ ASTRONOMY WRAPAROUND SOLAR 
ECLIPSE GLASSES 


¢ YOUR GUIDE TO THE 2024 SOLAR ECLIPSE BOOK 
¢ DOUBLE-SIDED ECLIPSE MAP FOR 2023 AND 2024 


Claim your box at: 
SpaceandBeyondBox.com/LearnMore 


Order by 12/31/23 at 11:59 p.m. CT to receive the Eclipse Collection. Free shipping on 
subscriptions to the contiguous U.S. only. 


¢ ECLIPSE TRAVEL MUG 
¢ COMMEMORATIVE ECLIPSE PIN 
¢ SET OF VINYL ECLIPSE STICKERS 


From the makers of 


Astronomy 


Connect with us: 
#BeyondTheBox 


_ @CELESTRON’ 
Big or Small, the Tech Inside is Just Right. 
2 ag ola en 
a ~~ > >. Exploree’é 
"_. DOBSONIAN TELESCOPES: — 


StarSense 
Sky Recognition 
Technology. . 


The patented technology in. Celestron's StarSense Explorer - 
telescope has revolutionized astronomy. Harnessing the power 
of your smartphone and’a Lost In Space Algorithm (LISA) like 
the ones used on orbiting satellites, the StarSense Explorer 
app guides you to celestial objects in real-time as you move the 
telescope. Our engineers have been listening to your feedback, 
and we're proud to bring the power of StarSense Explorer to 
four new telescopes. 


. NEW! StarSense Explorer 12” Dobsonian 


Our largest-ever Dobsonian. telescope reveals a whole new level of 
depth and detail for the ultimate StarSense Explorer experience. With 
its massive parabolic primary mirror and highly reflective Celestron XLT 
coatings, this reflector delivers the brightest, most detailed views in the 
StarSense Explorer line. Its ultra-sturdy Dobsonian base features an 
ergonomic carry handle and eyepiece rack. 


NEW! StarSense Explorer Tabletop Dobsonians . 


Bring the star party with you. Don't be fooled by these tabletop 

Dobsonians’ small stature—they offer plenty of light-gathering ability . 
and a parabolic mirror to bring out detail in all the best celestial objects. 

It all sits on a portable, tabletop base that's ready to go anywhere. StarSense Explorer. 12" Smartphone App-Enabled 
Includes two Kellner eyepieces, the StarSense dock, and a Dobsonian Telescope 

StarPointer finderscope. 


Tr TF 
! 7— 
re r- 
= ae 
f~- } ee 
I~ p — 
j = 


. 
~ \ 


ow 


re 
eX 
‘)\ 


} 


Available in 114mm 130mm 
Learn more at celestron.com/sse 


CELESTRON PREMIER SELECT DEALERS 


B&H Photo - 800.947.9970 - bhphotovideo.com Astronomics - 800.422.7876 - astronomics.com Focus Camera - 800.221.0828 - focuscamera.com 
High Point Scientific - 800.266.9590 - highpointscientific.com Woodland Hills - 888.427.8766 - telescopes.net Agena AstroProducts - 562.215.4473 - agenaastro.com 


Optics Planet - 800.504.5897 - opticsplanet.com Adorama - 800.223.2500 - adorama.com 


SOUTHERN SKY susecosce 


yy November is a great 
time to observe 


Jupiter. The giant planet reach- 
es opposition and peak visibili- 
ty on the 3rd when it appears 
opposite the Sun in our sky and 
thus lies closest to Earth and 
remains visible all night. The 
gas giant shines brilliantly at 
magnitude -2.9 among the 
stars of Aries the Ram. This 
constellation’s three main stars 
always reminds me of an ana- 
logue clock reading 12:25. 

You won't want to miss the 
view of Jupiter through a tele- 
scope. The giant planet’s 
49.5"-diameter disk appears 
noticeably flattened, and its 
cloud tops typically resolve into 
a series of parallel bright zones 
and darker belts. Also be sure 
to watch Jupiter's four bright 
moons — Io, Europa, 
Ganymede, and Callisto — as 
they change positions from 
night to night. For the best 
views, target the giant world 
when it climbs highest around 
midnight local time. 

Although much dimmer 
than Jupiter, magnitude 0.7 
Saturn still qualifies as an eve- 
ning showpiece. The ringed 
planet lies against the backdrop 
of Aquarius the Water-bearer, 
about as far south of the celes- 
tial equator as Jupiter is to the 
north. That places Saturn 
26° higher in the early evening 
sky than Jupiter achieves 
around midnight. 

The high altitude should 
deliver many moments of good 
seeing and crisp views through 
telescopes of all sizes. Even a 


November 2023 


Jupiter rules the night 


cursory look reveals the plan- 
et’s oval disk, which measures 
17" across the equator, encircled 
by a ring system that spans 39" 
and tilts 10° to our line of sight. 
The appearance of several 
moons — 8th-magnitude Titan 
and 10th-magnitude Tethys, 
Dione, and Rhea — only 
enhances the spectacular view. 

A third planet graces the 
evening sky starting in mid- 
November. Mercury shines at 
magnitude —0.5 against the 
twilight background. If you 
look carefully — binoculars 
will help — you'll spot Ist- 
magnitude Antares 3° to its left 
November 16 and 17. A thin 
crescent Moon passes near the 
pair on the 14th and 15th. A 
telescope shows the planet’s 
5"-diameter gibbous disk, 
which grows to 6" across at 
month’s end. 

You ll have to wait until 
morning to catch this month’s 
final visible planet. Venus rises 
some two hours before the Sun 
and climbs 15° above the east- 
ern horizon an hour before 
sunup. The inner planet shines 
at magnitude —4.3, far brighter 
than any other planet or star. 
A telescope shows Venus’ disk, 
which at midmonth spans 19" 
and appears 61 percent lit. 

Mars reaches conjunction 
with the Sun on November 18 
and remains hidden from view 
all month. It will return to the 
morning sky in the new year. 


The starry sky 


As twilight fades these 
November evenings, a view 


toward the southern horizon 
reveals a fine example of cir- 
cumpolar stars — those that 
never set from a given location. 
Crux the Cross and the unmis- 
takable pointer stars, Alpha (c) 
and Beta (f) Centauri, now lie 
low in the sky. The Cross 
appears upside down with the 
pointers to its right. 

You can use these distant 
stars to figure out how long 
Earth takes to rotate on its axis. 
You might be surprised to find 
this period is not 24 hours — 
that’s the average time it takes 
Earth to turn and face the same 
way with respect to the Sun. 
Earth’s rotational period rela- 
tive to the stars is nearly four 
minutes shorter. 

The bright, low-hanging 
circumpolar stars visible on 
November evenings provide a 
fine resource for measuring 
Earth’s rotation, even without a 
telescope. All you have to do is 
measure the time it takes a sin- 
gle star to return to the same 
place in the sky, a task made 
especially easy with this 
month’s bright, low stars. 

Find a place in your yard to 
drive a wooden garden stake 
into the ground and screw a 
small eye hook into the top of 
the stake. This sets up a precise 
point to place your eye as you 
look to the stars. As the cir- 
cumpolar stars move from 
right to left, make sure at least 
one disappears behind a fixed 
object. This object could be the 
wall of your house or that of 
your neighbor, or even a flag- 
pole or TV antenna. 


Using an accurate time- 
piece, record the exact time 
your chosen star disappears as 
seen through the eye hook. 
Then return the following eve- 
ning and note when the star 
vanishes. You've just measured 
Earth’s period of rotation. You 
can get a more accurate result 
by timing several rotations. If 
you come back 10 nights later, 
for example, simply divide the 
time difference by 10 and you'll 
have the amount of time that 
Earth’s rotation falls short of 
24 hours. 

You might think it would be 
easier to use a telescope for this 
experiment, especially if you 
use a crosshair finder. But the 
telescope needs to stay outside 
and undisturbed from your 
initial to final observation, and 
that may not be practical. In 
any case, it’s fun to do it with 
things you already may have in 
your house and garden. 

In the early 1930s, 
American engineer Karl Jansky 
built a special radio antenna to 
investigate unexplained radio 
interference. He discovered that 
the unwanted emissions peaked 
each time Earth rotated once in 
relation to the stars, not to the 
Sun. He realized that these 
transmissions were not Earth- 
based interference but celestial 
radiation emanating from the 
Milky Way’s center. Intrigued 
by these findings, Grote Reber 
built the world’s first radio dish 
in the United States in 1937, 
which he used to map the sky 
and give birth to the science of 
radio astronomy. 


HOW TO USE THIS MAP 
This map portrays the sky as seen 
near 30° south latitude. Located 
inside the border are the cardinal 
directions and their intermediate 
points. To find stars, hold the map 
overhead and orient it so one of 
the labels matches the direction 
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Planets are shown 
at midmonth 
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STAR COLORS 


A star's color depends 
on its surface temperature. 


The hottest stars shine blue 
Slightly cooler stars appear white 
Intermediate stars (like the Sun) glow yellow 
Lower-temperature stars appear orange 

The coolest stars glow red 


Fainter stars can’t excite our eyes’ color 
receptors, so they appear white unless you 
use optical aid to gather more light 


BEGINNERS: WATCH A VIDEO ABOUT HOW TO READ A STAR CHART AT 
www.Astronomy.com/starchart. 


ILLUSTRATIONS BY ASTRONOMY: ROEN KELLY 
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- New Moon occurs at 9h27m UT 


Uranus is at opposition, 17h UT 
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Dwarf planet Ceres is in conjunction with the Sun, 16h UT 
21 ~—‘ The Moon is at perigee (369,818 kilometers from Earth), 21h01m UT 
22 ~The Moon passes 1.5° south of Neptune, 8h UT 
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The Carina Nebula’ Mystic Mountain 


Visit MyScienceShop.com today for high-quality 
products curated by the Astronomy magazine 
team, including: 


¢ Custom-produced globes, as well as others 


_Constlaion See<| fromtop manufacturers. 
Flashcards 


¢ Books and DVDs covering solar eclipses, observing 
guides, the cosmos and more. 


¢ Magazines bringing you the latest astronomical 
discoveries and events. 
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¢ Astronomy posters including many ~ ? GALIL FOSCOPE @ 
sold exclusively on MyScienceShop.com. _ ore oS 


¢ Toys and games-have fun learning 
about astronomy! 


¢ And much more! 
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